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D IGEST OF INDUSTRIAL AND TECHNICAL DEVELOPMENTS 


Background to the Exhibition 


MPRESSIVE figures were quoted at the opening of the 
Chemical and Petroleum Engineering Exhibition. Mr. 
H. W. FENDER, chairman of the British Chemical Plant 
Manufacturers Association stated that between 1948 and 
1957 the capital expenditure of the British chemical indus- 
try was of the order of £700 million. Exports have 
included some outstanding examples of British contracting. 
One may quote, for example, the 1000 ton-a-day nitro- 
genous fertiliser plant at Sindri in India, sulphuric acid 
plants in Australia, New Zealand and Mexico, complete 
soap works in Malaya and the Belgian Congo, a poly- 
styrene plant in Poland, two superphosphate plants in 
New Zealand and large pharmaceutical installations for 
the Government of Burma. 

To this, Mr. G. H. THorNe, chairman of the Council 
of British Manufacturers of Petroleum Equipment was 
able to add his own tally. No less than £558 million worth 
of petroleum equipment has been purchased in this 
country for the 5 year period 1953-1957, and the rate of 
growth is still increasing. This represents only orders for 
oil companies with permanent offices in this country. It 
excludes sea-going tankers and all orders for petroleum 
companies permanently domiciled outside the United 
Kingdom. Apparently it is not possible to estimate the 
volume in money of equipment supplied direct to com- 
panies other than those with permanent offices in this 
country but this is also very considerable. The novelty 
and scope of the equipment available was there for all to 
see but Mr. Thorne made the further important comment 
that we can confidently compete with other countries in 
delivery times and in prices. 


More Reverberations of the 
Windscale Accident 


LTHOUGH the final report of the Technical Evalua- 

tion Committee on the Windscale accident makes 
recommendations for further work in Pile No. 2, state- 
ments by members of the A.E.A. imply that the pile may 
be sealed off. The committee, chaired by Sir ALEXANDER 
Fleck, urged the use of new methods of “ Wigner 
release” by blowing hot air through the pile, after 
improving the instrumentation, instead of using nuclear 
heating. A method of this type was used on BEPO during 
March this year. Both BEPO and the Windscale reactors 
are cooled by air which is then blown into the atmosphere. 
To minimise the amount of radioactivity that can escape 
from the chimney if a fuel element fails, filters have been 
fitted. The committee decided that the efficiency of these 
filters was of sufficient importance to warrant setting up 
a special working party under the chairmanship of Dr. R. 
SPENCE. In these filters efficiency is measured by the 


amounts of radioactive iodine and strontium that can 
escape. Of the two, the more difficult problem is that of 
the iodine which is released as a gas from irradiated 
uranium when it is oxidised. Much of this is likely to be 
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adsorbed on to particles of matter in the cooling air or 
from parts of the reactor, but some may remain in gaseous 
form. Asa result of the work done by the Filters Working 
Party, it is said that the Windscale filters can be improved. 
The efficiency of the improved filters would be such that, 
with the fission product detection gear working satisfac- 
torily, any release of radioactivity from defective fuel 
elements that might occur on rare occasions during normal 
operation would result in only a negligible discharge, well 
below the permissible amount. 

The committee acknowledged that if a major incident 
on the same scale as the fire in Windscale Pile No. 1 were 
to happen, it could not be guaranteed that the filters despite 
their improved efficiency, would restrict the discharge of 
activity to the maximum levels allowable for a single 
incident. We cannot be entirely reassured by their claim 
that with the new operating procedure they cannot foresee 
how such a major incident could occur. For the same 
accident, in the nature of things, does not happen twice. 


Thermodynamic Data Programme 


HE United States National Bureau of Standards, in 

a programme supported in part by the Atomic 
Energy Commission, is collecting and compiling data on 
the chemical thermodynamic properties of a great number 
of materials. Object of the programme is to present, in 
convenient tabular form, a critical summary of the 
thermodynamic information available on each chemical 
substance over as wide a temperature range as possible. 
The tables contain values of heat content function, free 
energy function, entropy, heat capacity, and heat and free 
energy of formation. For each substance the values are 
given at regular intervals of temperature from 0°K to as 
high as 6000°K in some instances. From these data, 
answers may be obtained to many questions regarding 
stability, equilibrium compositions, and energy yields in 
this temperature range. Sources of information include 
not only experimental calorimetry, thermochemistry, and 
thermodynamics, but also such diverse fields as X-ray and 
electron diffraction, atomic and molecular spectroscopy, 
and mass spectroscopy. For example, when calorimetric 
data are not available, as is often the case, the necessary 
heats of reaction are obtained from measurements of 
equilibria and their temperature dependence, from 
spectroscopic and other molecular techniques, or by 
correlating energy content with temperature and molecular 
structure. After all of the known data relating to the 
properties of any one substance are assembled, the data 
are analyzed and the current “ best” values selected for 
the various thermodynamic properties. 

These values are being tabulated and distributed in 
loose-leaf form without charge to government, university, 
and industrial research laboratories which need the 
service. The announcement does not specify whether the 
service is limited to United States agencies but implies 
that it is generally available. In addition, a general 





407 





summary of experimental calorimetric data covering heats 
and free energies of formation at room temperature is at 
present being prepared. When this is published, it will 
constitute a revision to the current compilation N.BS. 
Circular 500 which appeared in February 1952. 


Improvements in Salt Velocity 
Method of Flow Measurement 


NUMBER of lines of work on flow measurement 

have been reported by the Mechanical Engineering 
Research Laboratory. They include three major improve- 
ments in the technique of the salt velocity method. 
Basically, the mean velocity of water flow is measured 
by timing the passage of a quantity of injected salt solu- 
tion between two sets of electrodes a known distance apart 
along the pipeline. By the use of an ac. bridge for 
detecting the passage of injected solution at each electrode, 
rather than the usual direct measurement of change in 
current, it has now become possible to use very small con- 
centrations of one part in a million. This allows small 
quantities of salt solution to be used and leads to the 
second improvement, a cartridge-operated valve which 
injects about 24 cubic inches of solution in 20 milliseconds. 
The third improvement is a novel method of instant indica- 
tion of the time between the passage of the centroid of 
the conductive cloud between the two sets of electrodes. 
The improved techniques make the prosecution of field 
tests simple and provide results while the tests are happen- 
ing. In all previous methods, it has been necessary to 
perform graphical evaluation after the tests have been 
completed, before the success or failure of the test was 
known. 


Plant Applications of 
Titanium and Zirconium 


AT is specially valuable about a recent paper on 

titanium and zirconium by Leo J. BaRRON is a list 
of proved applications in chemical plant to supplement 
the more usual tabulations of properties. The paper was 
presented before the 50th Anniversary Meeting of the 
American Institute of Chemical Engineers at Philadelphia. 
Each of these metals has shown a history of constant price 
decline—although even at present prices there is often 
economic justification for using them. What are the 
successful applications? 

In one du Pont plant a process involving 60% nitric 
acid at 480°F and 300 psi pressure limited the service life 
of stainless-steel condensers to six months. Titanium has 
extended the life of the units to an expected ten years. 
Elsewhere good results are reported in a sodium hypo- 
chlorite heat exchanger, a pump impeller and shaft in an 
organic chloride-hydrochloric acid-wet chlorine solution, 
and packing supports in a chlorine-caustic tower. A cost 
study at Wyandotte Chemicals revealed an annual cost of 
$39 for a titanium pump impeller compared to $420 for 
a nickel-chrome-molybdenum impeller. Zirconium has a 
similarly striking record. Zirconium steam-jet exhausters 
have handled hyrochloric acid and zirconium chloride 
fumes, giving trouble-free performance for over a year. 
Type 316 stainless impellers in this service required over- 
haul at ten-day intervals. Components such as thermo- 
wells, exhaust fans, fittings, proportioning pump parts and 
spray nozzles have all shown advantage in highly corrosive 
acidic and chloride environments. On the evidence, there 
seems good ground for the bouncing optimism of the 
engineers connected with using the metals for chemical 
plant construction. 
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Cutting Costs for Productivity 


APERS presented at a recent British Productivity 

Council Conference have now been published under 
the above stimulating title.* They included discussions 
of work study, costing, variety reduction, quality control 
and shift work. In his opening lecture Dr. R. BEECHING, 
technical director of I.C.I., was concerned to stress 
management’s all-pervading responsibility. After quoting 
the facts about current productivity levels, exports and 
commodity prices related to wages, Dr. BEECHING listed 
in diagrammatic form six main ways of increasing 
efficiency. 
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British manufacturing industry now has fixed assets 
worth £18,500,000,000 and 38%, of it is less than ten years 
old. A substantial proportion of this has never operated 
at full capacity. It is evident that both nationally and for 
the individual firm, prosperity demands the closest atten- 
tion to securing optimum output from existing plant and 
resources. This pamphlet should make a major contribu- 
tion to achieving it. 

* Obtainable from British Productivity Council, $.W.1. 5s. 


Control of River Pollution 


IHE chemical industry is the second largest industrial 
user of water in the country. Inevitably it produces 

a great quantity and variety of trade effluents. Where 
possible these are discharged to sewers but because of the 
large quantities involved, there is necessarily an increase 
in the volume which is being passed directly into tidal 
waters and streams. This gives special interest to a paper 
on the control of river pollution by Mr. G. T. Kino of the 
Association of British Chemical Manufacturers. It was 
presented before the Annual Conference of the Institute 
of Sewage Purification. Mr. KiNG was particularly con- 
cerned with the adoption of reasonable conditions of 
discharge by river and other controlling authorities. After 
discussing research on treatment processes and the self- 
purification of streams, the lecturer turned to the question 
of standards. It had been suggested that as a first step 
river boards might make general effluent by-laws by 
setting out the recommendations of the Royal Commission 
on Sewage Disposal. In the Association’s view there 
could be no virtue in this step, as by-laws, if they are 
to be effective instruments, must have regard to local con- 
ditions and be based on adequate scientific data. This 
led to suggestions for “the most realistic method” of 
achieving the control of stream pollution by use of the 
consent procedure under section 7 of the Rivers (Preven- 
tion of Pollution) Act, 1951. On this basis conditions of 
consent would be laid down by the river board for 
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individual circumstances of the particular effluent and part 
of the stream into which it will be discharged. Having 
carried out a stream survey there would be two alternative 
methods of control. One could assess the effect of the 
individual effluent on the stream one hundred yards below 
the point of discharge. Alternatively it was possible to 
apply the principle of step-loading as used for radioactive 
discharges into the Thames. In each instance the essential 
feature is the effect of that particular discharge on the 
condition of the river at the point of out-fall. 

It would be interesting to hear the reaction of public 
health authorities to these propositions. 


New Prospects for Seaweed Processing 


N the 18 and 19 centuries the manufacture from sea- 

weed of kelp for iodine production was an important 
industry in the economy of the West of Ireland. However 
with the development of alternative sources of iodine it 
declined and has now died out. Interest in seaweed has 
revived again in recent years as a potential raw material 
for a wide variety of industries. Already seaweeds pro- 
vide meal for animal feeding stuffs, alginates for ice cream, 
pharmaceuticals, plastics and textiles, carrageen as a sus- 
pension agent for chocolate milk and agar for bacteriology. 
Mr. SLEvIN, the Commercial Counsellor of the Irish 
Embassy, informs us that in 1956 production of seaweed 
meal and carrageen in Eire amounted to 106,154 cwt., with 
a value of £113,836. In the same year, exports of sea- 
weed, carrageen and seaweed meal totalled 61,465 cwt., 
valued at £99,426. The figures for production are exclu- 
sive of amounts used by farmers in seaboard areas as fer- 
tiliser, for which no details are available. 

Research work on a laboratory scale is in progress at 
University College, Galway, and to a limited extent at the 
Institute for Industrial Research and Standards, Dublin, 
but no work is at present being carried out on pilot plant 
scale. A committee from the college has organised the 
Third International Seaweed Symposium to be held from 
13 to 19 August at Galway. Over 250 delegates are 
expected to attend. The papers deal with the chemistry 
of marine plants and theoretical studies of their potential 
uses for food supplies and industry. 

British work on seaweed is carried out mainly by the 
Institute of Seaweed Research at Inveresk in Midlothian. 
This was formerly financed from public funds but is now 
owned by the Arthur D. Little Research Institute. All the 
research work undertaken is of a fundamental character, 
but the recent Annual Report of the Institute refers to two 
discoveries promising new applications for alginates. One 
of these is the preparation of reductic acid. The other is 
the development of a new dyestuff suitable for printing on 
textiles from a paste thickened with sodium alginate. 


By-products from Gas Manufacture 


HE by-products side of the gas industry has to con- 
tend with unique difficulties. Its raw materials, 
particularly crude tar and ammoniacal liquor, have to be 
treated at approximately the rate at which they are pro- 
duced, irrespective of the prevailing market conditions for 
their products. The output of crudes is controlled by the 
demand for gas and, therefore, is greatest in the winter 
months. In consequence, it is necessary to have adequate 
plant and storage to deal with the winter throughput of 
crudes even though the capital invested in this equipment 
is not fully employed during the summer. A hold-up 
during the winter, however, would quickly result in an 
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accumulation of crude tar or liquor beyond the scope of 
reasonable buffer storage capacity, and gas manufacture 
would be impeded. Because of these conditions, it is not 
possible to gear production of finished products to market 
demands with the same freedom as most other chemical 
manufacturers and in a densely populated area, where 
land is of high value, space for the stockpiling of products 
is very restricted. Methods of dealing with these prob- 
lems were discussed in a paper to the Institution of Gas 
Engineers by Mr. L. W. BLUNDELL, who emphasised that 
a carefully planned sales policy, as well as technical 
studies, had proved indispensable in keeping Beckton Gas 
Works clear of residual material. Quantities involved are 
appreciable. Mr. BLUNDELL—Controller of By-products, 
North Thames Gas Board—quoted the gross value of 
by-products sold by the Board (excluding coke) as 
£5.6 million in 1956-57. Current lines of technical research 
include work on physical methods for removal from crude 
coal tar of aqueous liquor containing ammonoium chloride, 
which could best be operated while the tar is hot. Other 
projects are the physical and chemical separation of pure 
benzene and the purification of naphthalene and of 
sulphur from the solvent extraction of spent oxide. 


Explosions in Ducts 


LTHOUGH they are relatively rare, explosions in 

ducts can cause serious damage. The Fire Research 
Station is investigating such systems, both closed and 
vented, with the object of predicting how pressures may 
be reduced to safe values by venting or other techniques. 
In the past year particular attention has been paid to the 
way the length and diameter of a duct influence explosions. 
Experimental work was confined to certain fixed dimen- 
sions, and it was not possible without further work to 
extend the results to general conclusions. In all tests 
mixtures of pentane and air have been exploded in steel 
tubes 12 and 6 ft long and 6 and 13 in. in diameter. With 
closed tubes the maximum pressures obtained decreased 
with an increase in the ratio of length to diameter, whereas 
the flame speed increased with this ratio. With the 
explosions in the two 6-in. tubes the concentration of 
pentane had, within wide limits, little effect on the maxi- 
mum pressure reached, whereas with the two 3-in. tubes 
there was a sharp peak at 3.0% pentane (stoichiometric 
mixture=2.56Y, pentane). When an open vent was placed 
remote from the spark gap, similar maximum pressures 
were in general obtained for a given ratio of vent area 
to tube area. However, the 12 ft x 3 in. tube which had 
the largest ratio of length to diameter gave larger pressures 
for some of the vents than were obtained with the other 
tubes. This indicates that there might be a critical ratio 
of length to diameter above which there is a rise in the 
maximum pressure obtained when vents are used. 

An experimental programme on the fundamental 
properties of flame arresters has continued. Further 
experiments have been carried out with wire-gauze 
arresters, which are one of the more common types in 
use in industry and which are easily obtainable in a wide 
range of sizes of aperture. Their behaviour in quenching 
flames may be interpreted on the basis of the gauze cool- 
ing the flame to extinction point, and a value of the 
amount of heat to be extracted from the flame in order to 
do this has been obtained for propane-air flames. This 
analysis has been extended to cover other types of flame 
arrester which are more effective and mechanically robust 
than gauzes. Further experiments are in hand to test the 
hypothesis and to investigate gauze arresters under condi- 
tions different from those studied so far. 

Fire Research 1957. H.M.S.O. 5s. 





Rapid Development in Poland 


RODUCTION of chemicals in Poland in 1956 was 

roughly 12 times as great (valued at constant prices) 
as that in the war-ravaged country of 1946. A recent 
article in Przemysl Chemiczny (1958, 37, 222) gives a 
detailed survey of development in the Polish chemical 
industry and sets out some of the production targets. A 
selection of the more important figures is summarised in 
the table below: 





























| Production in Thousands of Tons 
Material | (Pre-war) | | (As Planned) 
| 1939 | «1947 | 1955 |” 1960 
Sulphuric Acid (100%) | 200 120 430 | 720 
_ oe Ser ae 39.4 | 2189 | 510 
CausticSoda. | a 28 30.7 | 1020 | 180 
Nitrogen Fertilizers (Com- 
bined Na OS a 4 | os tse3 300 
Phosphates - a . « e 
a... 2) eS |) emia 
wn sero 2 21 6.2 | 8.6 
Lacquers, etc. pin a. 4 2.0 40.0 80.0 
In addition, the 1956-60 plan involves the production 


of new materials which are either not yet being made or so 
far only in small amounts. Annual output of sulphur by 
the end of 1960 should be 30,000 tons, of synthetic rubber 
20,000 tons and polyvinylchloride i4,000 tons. Anti- 
biotics production will also increase. A new and 
appreciable star is risen in the chemical firmament. 


Belgium Provides a World View 


ATCHING the universal character of the exhibition 

in Brussels is the current special issue of Industrie 
Chimique Belge. An introductory note by M. M. 
LAMBILLIOTTE, the Rapporteur Général of the exhibition, 
is essentially an essay in humanist philosophy stressing the 
theme of interdependence in the “ tormented and powerful 
epoch” in which we live and urging world co-operation. 
His advice that we should think in world terms has been 
well followed in the issue. It was only to be expected 
that there would be informative articles on the Belgian 
chemical industry at the exhibition and on the participa- 
tion of particular sections of it. But to these articles has 
been added a series of short reviews of the chemical 
industries in 15 other participating countries. These 
include—without distinction of political curtains—areas 
less well-known in Britain such as Bulgaria and the 
Philippines. 

Belgium’s own achievements are impressive. They have 
been presented both in this issue and at the exhibition 
under the title of “Chemistry in the Service of Man.” 
M. M. Bercer, president of the group responsible for this 
section of the exhibition, quoted Belgium as being the 
second country in the world in the value of chemical pro- 
duction per head of population. In per capita production 
of sulphuric acid, phosphoric acid and ammonium sulphate 
Belgium leads. Finally, it is only right to recall that this 
small country has contributed three figures of world 
stature in the field of applied chemistry—Ernest Soivay, 
Lrévin Gevaert and Leo H. BAEKELAND. 


Initiation into Technical Authorship 


E had better write this paragraph very carefully. 

A new scheme of instruction and examination in 
technical authorship has been drawn up by the City and 
Guilds of London Institute. It is intended for those with 
engineering, technical or scientific training and experience 
who wish to become technical authors in industry or 
government service. The course of training recommended 
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Notes for Guidance to Authors 


THE EDITOR invites contributions to “ British 
Chemical Engineering” and suggests that intending 
authors should write for a copy of “ Notes for Guidance 
to Authors.” 











has been designed with the needs of the younger entrants 
in mind, but the examinations will also be open to practis- 
ing technical authors. 

The Institute acts as an external examining body and 
it is hoped that courses will be run by technical colleges 
up and down the country. The course of instruction 
envisaged is a four-year part-time course requiring atten- 
dance for at least 5 hours a week and 150 hours a session, 
making a total of 600 hours for the course. The Inter- 
mediate examination of the Intitute will be taken at the 
end of the second year of the course and the Final 
examination at the end of the fourth year. Chemical 
engineers appear to have been above or below considera- 
tion, for emphasis has been placed on application in air- 
craft and vehicle manufacture and in the electrical 
industries. Types of technical publications listed in the 
explanatory brochure are user handbooks, maintenance 
and servicing instructions, workshop manuals, sales leaflets 
and brochures, technical bulletins and wall diagrams. We 
understand that the Institution of Chemical Engineers, 
which is not represented on the Advisory Board of this 
venture, is emphasising the importance of report writing 
in its recommendations on graduate training. Firms are 
being urged to encourage graduates to develop the ability 
to communicate ideas and this must include facility in 
drafting important practical documents as listed above. 


Platinum Metals at High Temperatures 


N important factor in the utilisation of the platinum 

metals at high temperatures is the loss in weight that 
occurs to some degree due to oxidation and volatilisation. 
Recent work on this subject has been critically reviewed* 
by A. R. Powett, F.RS. At 1200° and 1300°C the loss 
in weight of a platinum sheet heated in oxygen increases 
linearly with time, reaching 65 and 120 mg per sq. dm 
respectively in 24 hours. Platinum is more volatile than 
palladium at temperatures up to 1200°C but there is 
relatively little difference at 1300°C. The rate of oxida- 
tion and volatilisation of platinum, rhodium and palladium 
in air is, of course, very much less than in pure oxygen, 
but it is of considerable importance in the utilisation of 
platinum and rhodium and their alloys in high-temperature 
work. The three principal high-temperature applications 
of these metals are for thermocouples, for resistors in 
electric tube and muffle furnaces, and for the troughs used 
in the production of fibre-glass. In the last-named applica- 
tion the trough is surrounded by steam during use and, 
although some air is undoubtedly present, the partial 
pressure of oxygen in the gas stream is so low that practi- 
cally no loss of metal by volatilisation occurs. In the 
absence of steam, however, very serious volatilisation of 
the platinum can occur. The life of platinum furnaces 
can be improved by embedding the heating element in an 
alumina refractory which is pre-fired to form a monolithic 
element with the wire resistor completely surrounded by 
fired alumina. This has the effect of preveming even slow 
circulation of air over the bare wire and consequently 
prevents its oxidation and volatilisation. 

* Platinum Metals Review, 1958, 2, 3, 95. 
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A QUESTION OF CAPACITY 
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LEFT: Welding 6” aluminium of 99.8%, purity. 


WwW THE increasing scale and stringency of | is “APV” and sometimes, “only APV.” 
requirements in fabrication, particularly in APV’s experience and facilities for the fabrication 
Stainless steel and aluminium, for the chemical of corrosion-resistant metals is without parallel. 
processing and nuclear energy fields, the question APV pioneered the welding of aluminium and 
persistently arises “Who has the capacity to stainless steel in this country and has maintained 
do the job?” Time and again the answer | _ its lead in the techniques ever since. 


A $ W Fabricators in the corrosion-resistant metals 


THE A.P.V. COMPANY LTD., Manor Royal, Crawley, Sussex. Telephone: Crawley 1360. Telex: 8737. Telegrams: Anaclastic, Crawley 
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FOR THE PROTECTION AND SAFET 
OF PLANT AND EQUIPMENT 
IN THE CHEMICAL INDUSTRY. 


DELANIUM GRAPHITE BURSTING DISCS HAVE THE 
FOLL OWING FEATURES:- 


ACCURACY TO WITHIN 45% OF STATED 
BURST PRESSURE. 


WILL WITHSTAND AT LEAST 10,000 PRES- 
SURE REVERSALS AT 75% OF STATED BURST 
PRESSURE WITHOUT LOSS OF ACCURACY. 


RESISTANCE TO ALMOST ALL INDUSTRIAL 
CHEMICALS (ACID, ALKALI OR SOLVENT) 
AT TEMPERATURES UP TO 160° C. 


ARE MANUFACTURED IN A STANDARD 
RANGE FROM 5 p.s.i.g. TO 75 p.s.i.g., HIGHER 
AND LOWER PRESSURES AVAILABLE ON 
REQUEST. 


BURSTING PRESSURE IS INDICATED ON 
EACH DISC. 


DISCS SUPPLIED COMPLETE WITH 
GASKETS FOR EASY AND INEXPENSIVE 
REPLACE MENTS. 
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A.|I.Ch.E. Golden Jubilee 


NUMBER of exhibitions, such as those held at 

Brussels, Frankfurt and, more recently, the Chemical 
and Petroleum Engineering Exhibition at Olympia, have, 
with their accompanying symposia, attracted such atten- 
tion that an historic meeting of chemical engineers held 
last month in Philadelphia to celebrate the Golden Jubilee 
of the A.I.Ch.E. is in danger of receiving but a fraction of 
the interest its importance deserves. Since its founda- 
tion in 1908, the American Institute has been perhaps the 
world’s outstanding professional organisation of chemi- 
cal engineers; and it is to the efforts of this body 
that the world as a whole is indebted for the idea of unit 
operations, a concept which made possible the solution 
of many previously insoluble industrial problems, By the 
use of this approach, the chemical engineer became a 
unique practitioner with a field extending far beyond the 
confines of the chemical industry. 

During its life, the A.I.Ch.E. has witnessed tremendous 
changes in industry, many the results of the practices it 
advocated and encouraged. The vast field of new products 
that have been discovered and put to use, and which were 
undreamed of at the time of the inception of the Institute, 
are further testimony to the value of the techniques it 
championed. Over the last 25 years the growth of the 
Institute has been phenomenal. Membership has risen 
from 1099 in 1933 to over 17,000 in 1958. In the same 
period, reflecting the growth of its influence and the ex- 
panding activity of its membership, the publicity pro- 
gramme has been enlarged out of all recognition; at the 
time of its Silver Anniversary in 1933 one volume of 
papers a year was being published, whereas by 1947 the 
first monthly publication, Chemical Engineering Progress, 
appeared, to be followed in 1955 by the A.I.Ch.E. Journal. 
In addition, in 1951 a series of separate publications, the 
“Symposium and Monograph Series”, was sponsored by 
the A.I.Ch.E., of which 20 volumes have been issued to 
date. Among them, the publications provide chemical 
engineers with some 250 articles yearly on the progress of 
chemical engineering. This literature is a powerful stimulus 
to the profession, providing, as it does, data on funda- 
mental research as well as reporting the most recent and 
important developments in economics, operation, design, 
sales and so on to chemical engineers all over the world. 

A number of other A.IL-Ch.E. committees are noteworthy 
of attention. There is the Professional Legislation Commit- 
tee, at the moment concerned with changes in the registra- 
tion laws, especially as they appertain to corporation 
practices. There is the Research Committee, which this year 
will see the conclusion of a five-year research programme 
on distillation, and subsequently will estimate the needs for 
research in other fields. Among the other committees of 
which mention should be made is the Equipment Testing 
Procedures Committee which is interested in design pro- 
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cedures, two having been issued last year on absorbers and 
condensers. 

The Golden Jubilee celebrations have included a for- 
midable symposium of 80 to 90 papers devoted to various 
aspects of chemical engineering. A number of contributors 
appropriately have dealt in their papers with reviews of 
progress in well-recognised unit operations; a number of 
other papers reveal new ideas and approaches, and it is 
fitting that one paper at least sets out to assess the 
value of the unit operation idea. This idea, first pro- 
pounded by A. D. Little, distinguished the chemical 
engineer from all other engineers, and helped to free him 
from his earlier role of mechanical engineer-cum-chemist. 
The value of the concept lay in the possibility it offered 
of breaking down industrial processes into a number of 
operations common to them all. In the words of A. D. 
Little: “For chemical processing of whatever scale con- 
ducted may be resolved into a co-ordinated series of what 
may be termed unit actions such as pulverising, mixing, 
heating, absorbing, condensing...’ and so on. 

In recent years it has become clear that underlying the 
unit operations were fundamental scientifie principles. 
Mass transfer, for example, underlies a number of im- 
portant unit operations including distillation, absorption, 
drying and others, where at least one fluid phase is present 
at an interface. That studies on the fundamental 
mechanism of mass transfer are being conducted on a 
wide scale is, therefore, to be expected, and in this field 
the leading role is probably occupied by the Research 
Committee of the A.I.Ch.E. The research project on distilla- 
tion sponsored by this committee has as one of its targets 
a rational method for determining plate efficiencies in 
distillation processes. The successful solution of this prob- 
lem, which sooner or later will be forthcoming, will see 
an end to the use of an empirical value for plate efficiency 
in distillation column design. 

It seems clear that the leading part which the A.I.Ch.E. 
was able to play through embracing Little’s concept is to 
be carried a stage further in that the original conception is 
being recast through fundamental research, much of which 
has been sponsored by the Institute. The trend can be 
seen from the classification of material in the late G. G. 
Brown's book, “Unit Operations”, and still more by Pro- 
fessor Licht’s paper to the Golden Jubilee. In this, he 
puts forward a new division of material into physical 
operation and chemical process principles. At the same 
time, the value of the original concept is preserved as a 
useful guide to design, development and operation. 

There can be no doubt that the conclusion of the 
Golden Jubilee celebrations will see the already high 
prestige of the A.L.Ch.E. still further enhanced—a deserved 
position in view of the contribution of American Chemi- 
cal Engineers to the economic health of the world. 
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BALL MILL GRINDING — PART Ii — THE APPLICATION 






OF LABORATORY SCALE EXPERIMENTS IN INDUSTRY 


The author discusses the state of development of scale-up theory 
for ball mills and indicates the scope of expanding knowledge 











Symbols Used 
d = length parameter of particle; 
D = diameter of mill; 
f = force; 
Fr = Froude number; 
g = acceleration due to gravity; 
H = weight of particles in mill; 
Ho = weight of size fraction under consideration at 
t=0; 
H: = weight of size fraction under consideration at 
time 1; 
Her = weight of particles to fill the open space 
between the balls when mill is at rest; 
K = breakage velocity constant; 
Kease = breakage velocity constant due to cascading; 
Kyou = breakage velocity constant due to cataracting; 
1 = length; 
n = number of rotations of mill per unit time; 
Ne = critical number of rotations; 


R = radius of mill; 

T = rotation time of mill; 
Ter = critical rotation time; 

w = angular velocity of mill; and 


Wer = angular velocity at critical speed. 











N Part 1 of this paper* theoretical knowledge of ball 

milling was summarised. It was found that, even when 
considering the relatively simple process of size reduction 
for coarse fractions of brittle particles in dry grinding, 
the influence of only a few variables on the process is 
known. Therefore, direct calculation of the large-scale 
apparatus is still impossible. Moreover, theory on scaling 
up is scarce and probably still a long way from its final 
form. Use can be made of the principle of similarity, but 
as a result of the complexity of the process the use of 
models, elements or model elements is restricted. As dimen- 
sionless groups, by lack of theoretical knowledge, can only 
be derived by dimensional analyses, the variables affecting 
the process must be known. Strictly speaking, present 
knowledge of ball-mill kinetics is insufficient for a neces- 
sary simplification of dimensional analyses. Restricted again 
to dry grinding of brittle particles, the possibilities of 
theoretical prediction of industrial-size mills will be dealt 
with. 





Ir. J. Nijman is a member of the staff of the Technical 
University, Delft, Netherlands, Laboratory for Chemical 
Engineering. 

* Part | of this paper was published in the February, 1958, issue of British 
Chemical Eng'neering, page 
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Different Ways of Scaling Up 
The best-known use of laboratory experiments lies in the 
grindability tests. These tests are made under carefully 
controlled standard conditions, but the latter vary from 
country to country. The work done to produce a known 
amount of new surface is often one of the major facts that 
is determined. Experimental comparison between the 
“unknown” material and “known” materials then gives a 
grindability factor, and with the knowledge of the be- 
haviour of the latter in industrial-size units, mill capacity, 
energy consumption and grinding time for the unknown 
material can be evaluated for a certain type of mill. 

It is clear that this procedure presupposes knowledge of 
optimum working conditions of the mill for the “known” 
material; moreover, the comparison may be theoretically 
untenable in certain cases. The uncertainty of the pro- 
cedure is stressed by the fact that, for large-scale design. 
experience is, perhaps more so than in any other field of 
unit operations, one of the major necessities. That the 
procedure indicated above—or perhaps a variation of it— 
is normal for the determination of size and of energy con- 
sumption of industrial ball mills is clear proof that funda- 
mental research is still far away from its ultimate goal. 

As has recently been pointed out by Rose,’ accurate 
knowledge of the internal dynamics of ball mills is lack- 
ing. On the other hand, the knowledge of the breaking 
mechanism is insufficient.2 Notwithstanding these difficul- 
ties, a number of scale-up theories have been proposed 
which, although still incomplete by absence of better under- 
standing of the process, bring forward some interesting 
facts that may eventually lead to the full understanding of 
the scaling-up principles. This may be illustrated by com- 
parison of the theories of ANDREASEN® and Martz.‘ 
ANDREASEN assumes similarity to be present for two mills 
of different size, when particle size and mill size (diameter) 
have the same scale ratio L. No mention of ball diameter 
is made. When considering brittle substances, fracture ap- 
pears before the elasticity limit is reached. In that case, 
and for geometrically similar mills, 


7 = const. = Rp? in which f is a force and / a length, or: 
. : oe 
(dimensionless) 1 = —,. 
o/? 


For further treatment, ANDREASEN uses the earlier derived 
fracture law, based on the crushing of single particles by 
pressure or impact. A qualitative consideration then leads 
to two conclusions: 

(1) A particle size spectrum obtained in milling has the 
same form as one obtained by repeated use of the fracture 
law, whereby probability of breakage is assumed to be 
equal to one. 

(2) Resulting size spectrum is independent of original size. 

The independence of size was demonstrated by fracture 
tests on single particles by pressure. Those for fracture by 
impact did not correspond with the theoretical prediction. 
Two different sizes were used in both cases. This means 
that, if the crushing mechanism in a mill can be compared 
with fracture by pressure, results in geometrically similar 
mills are comparable. It should be noted, however, that the 
breakage process in ball mills may be in better accord- 
ance with fracture by impact than fracture by pressure. 

As the theory of elasticity states that the minimum 
energy to cause fracture per unit volume of (homogeneous) 
bodies is independent of particle size, ANDREASEN proves 
that the energy consumption to produce a unit surface is 
proportional to the length scale ratio L. This means that 
the principle of similarity, if rigorous. use is permitted, 
leads to: the increase in fineness at equal energy con- 
sumption proportional to the fineness of the material; or 
fineness increases according to a geometric series when 
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energy consumption increases in accordance to an arith- 
metical series. 

The theory of Matz,‘ a slightly altered version of which 
is given by JoHNSTONE and THRING’ starts from a com- 
pletely different point. While ANDREASEN does not mention 
the internal dynamics of the ball mill, Matz based his 
theory on them, not mentioning, however, particle 
behaviour. 

Matz states that particle disintegration takes place by 
mechanical interaction of the balls cascading down on the 
“inner” side of the ball rotation centre. The upgoing balls 
on the other side do not move relative to the wall and, 
as a result, cause no breaking action. As the point where 
the balls lose their contact with the lining of the mill is 
determined by both inertia forces and the gravitational 
force, and the inertia forces are taken to be equal to the 
centrifugal force on a single ball, the Froude number 


2 
Fr = Rw’ determines the action of the ball mill accord- 
g 


ing to Matz. In this way, the point where the balls lose 
contact with the wall is taken to be a criterion for the 
mechanical action of the balls when cascading down. 

At the critical velocity of the mill Rw* = g, e.g., Fr = 


1, OF Wer V2 , and as Wer7T¢r = 2 for constant rotational 
velocity of the balls: 


Te = V8 , independent of ball diameter and density. 


Using the diagram proposed by Barts,’ it can be shown 
mathematically that: 


w? w \? 
Fr == 2 = —_ 
Wer Wer 


For two mills that are geometrically similar, it is con- 





cluded that when the dimensionless parameter / Fr =e = 

cr 
is the same in each case; equal breaking action is obtained 
in both cases. 

The theories of ANDREASEN and Matz are in a way 
complementary. Matz’'s effort is only concerned with the 
internal dynamics of the ball mill, while ANDREASEN’S 
work is meant to be proof that equal internal dynamics 
give equal mill performance. But, as JOHNSTONE and THRING 
point out, larger mills tend to produce a finer product at 
the same corresponding speeds. They suggest that the larger 
mill should therefore contain smaller balls than similarity 
predicts. From researches of CoGHILL and Devaney,’ they 
propose d= 1/D°* as a scale equation. This means a 
correction of the theory of similarity based on experimen- 
tal evidence. It shows without indicating them that theory 
still has its weak points. Clearly, the difficulties in both 
theories are caused by the far-reaching assumptions they 
are based on, while the necessary link between the 
dynamics of the mill and those of particle disintegration 
is missing. 

In the following an effort is made to establish relations 
between the two. For this purpose use will be made of the 
theoretical summary of Part I of this paper. Mention will 
also be made of recent work by H. E. Rose that came to 
the author’s knowledge after publication of Part I. 


> 


The Rate of Grinding as a Criterion for Scale Up 
As the particle size spectrum after milling must be seen 
as the extremely complicated result of the probability of 
(and the size spectrum after) an indefinite number of 
breakage events, it can, with present-day knowledge of 
the mechanism of ball milling, hardly be considered to be 
a proper standard for a scale-up theory. Both the breakage 
probability and the particle size distribution have their in- 
fluence on the ultimate size spectrum, which seems un- 
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desirable for a scale-up parameter, as both may have their 
different scale-up rules. On the other hand, scale-up rules 
based solely upon ball mechanics lack a sound foundation, 
as no generally accepted mathematical description of the 
breaking action in ball mills is available. 

The only theory on the subject is from Rose,’ who 
clearly recognises the difficulties arising from the com- 
plexity of the problem, and who, in his own words, “only 
suggests a treatment which might possibly form a basis 
upon which a more perfect structure may be erected’’. In 
the present author’s opinion, one of the difficulties in 
Rose’s theory is the use of specific surface as a standard 
for the milling action, as this involves assumptions in 
regard to the distribution after a breakage event, and the 
constancy of energy-new surface relations with changing 
particle size. It seems natural, therefore, to use the prob- 
ability of the breakage event as the criterion for scale up in 
the first instance. This means that the possible influence of 
the distribution function is left for further consideration. 
Meanwhile, the function is assumed to be constant. Evi- 
dence to this effect is scarce: ball size has a minor influence 
on the milled product, and different energy input has only 
a small effect on the ultimate size distribution in breaking 
single particles,? but seems to justify the proposed treat- 
ment. Energy measurements can be evaded in this way, 
which is one of the major advantages. 

The expression used by SEDLATSHEK and Bass? for the 
probability of breakage in a ball mill, H; = H.e~**, al- 
though not known widely enough to have been tested 
sufficiently, on the existing evidence seems to be a promis- 
ing starting point from which more knowledge of the 
milling process can be gained. As a result of this know- 
ledge, a sound basis of mechanics and physics of the pro- 
cess can be obtained for scale-up purpose. 

In the following some of these aspects of the grinding 
process are dealt with. Although the evidence underlining 
the conclusions is incomplete, it is an important approach 
to scale-up calculations in the author’s opinion. 


Experimental Work 

All experiments described were taken on pre-milled 
samples of broken brick. Samples were taken from 
material passing the bigger and remaining on the smaller 
of two successive sieves; as such, the starting material was 
supposed to be of uniform size. A 1-litre ball mill was 
used, ball load approximating 40% of mill volume (40 
steatite balls, diameter 22 mm.). A series of experiments 
was undertaken with particles from “homogeneous” hard 
bricks (chimney brick) and with particles from mixtures of 
different kinds of brick. The qualitative results were identi- 
cal for both series. As quantitative results are unimpor- 
tant for the resulting conclusions, and exact description of 
the hardness of the material is impossible, the experiments 
of only one series are given in Figs. 1 and 2. 

Fig. 1 shows K versus H, for different particle sizes. As 
constant milling times of 5 min. were applied, it follows 
that K is directly comparable for different values of H.s. 

The number of revolutions of the mill was n = 155 rpm, 
that is roughly 80% of the so-called critical speed cal- 
culated from n,. = 76.6//D — d. 

The lines of Fig. 1 seem to consist of two different parts. 
At values of H. between 75 and 200, they form a con- 
vergent sheaf of fairly straight lines, while at higher values 
of H, the breakage velocity is less dependent of H,. The 
maximum in the curves at H, = 75 is collaborated by the 
the probability considerations of Rose.! 

At lower rotational speeds of the mill the influence of 
H. on K diminishes at and below n = 120, that is, below 
50-60% of the critical speed it has practically disappeared, 
as is shown in Fig. 2 for one of the size fractions used. 
As it is well known from the researches of Gow, FISHER 
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and Connor’ that for the two mill speeds mentioned the 
marked difference in ball movement is that free fall does 
occur at the higher speed and not or hardly at all at the 
lower, while the other ball movements are fairly equal in 
both cases, it seems probable from Figs. 1 and 2 that K 
is the result of two different mechanisms, each having its 
own velocity constant, and each its own dependence on 
H, and on the number of rotations of the mill. This is 
illustrated in Fig. 3, where the breakage velocity due to 
cascading (Kceasc) is sketched as independent of H,—which 
need not be true for every mill speed—and Kyan is, again 
for lack of better knowledge, given as a straight-line rela- 
tion of H.. Interpreted in this way, the experiments of Fig. 
1 show a point of convergation for the lines of Kyau versus 
H. for different particle sizes at a value of H, roughly 
equal to the volume of particles needed to fill the open 
space between the balls (see Fig. 3A). The importance of 
this point has recently been illustrated by Rose.’ 

From the viewpoint of mill mechanics, the constancy of 
Kease at constant number of revolutions is plausible; an 
equal relative part of the particles in the mill is present 
in the zone where cascading occurs, which seems reason- 
able. Additionally, the breakage probability must be equal 
for different amounts of particles present there. The last 
condition is not in accordance with ROsE’s theory, which, 
however, applies to fine grinding, while the process des- 
cribed here may sooner be termed coarse breakage. Thus 
the breakage probability may well be independent of the 
amount of particles in this case, which seems probable 
from the experiments at m = 120 and lower, but cannot be 
proved for n = 155 from the existing evidence. 

It can be seen from Fig. 2 that Kease is higher for n = 
131 than for n = 155, but diminishes at lower numbers of 
revolution. The influence of the number of revolutions, 
however, is complicated. More balls will be available for 
the cascading process at lower values of n, but, on the 
other hand, the circulation time for each ball is longer, 
giving rise to a smaller number of impacts for each ball 
per unit time, while the medium impact energy is prob- 
ably another function of n. 

From Figs. 3 and 3A, Kyau is equal to zero when the 
space between the balls is filled with particles. This is only 
a rough estimate, because the coarser particles are about 
equal in size with the open space between the balls, which 
means that the piling of the balls changes during grinding, 
especially when milling coarser fractions. Assuming Kyau 
to be zero at H-.,, it is then mathematically clear that 
Kyan is proportional to the amount of open space between 
the balls. Since the breaking resulting in Kyan essentially 
takes place in the tongue of balls, it must be concluded 
that the probability of breakage diminishes when the balls 
of the tongue hit by falling balls are more embedded, 
and, as a result, cushioned by the environment of the par- 
ticles. For coarser fractions the influence is less marked 
than for smaller fractions; this seems the only influence 
of particle size. 

Size fractions under 2.8 mm could not be used of the 
same material for the above experiments, as the internal 
structure of the bricks (sand grains of “0.5 mm) for still 
smaller fractions is of uncertain influence on the breakage 
velocity. Preliminary investigations on sand with steel 
balls indicate that the phenomena are the same for smaller 
size fractions. 

The phenomena described above are partly sustained by 
researches of CoGHILL and Devaney’ on dolomite and 
chert in a 19 in. X 36 in. ball mill. From these experi- 
ments, and for the coarsest fraction of the mixtures used 
by these authors, K could be calculated and is given in 
Fig. 4 as a function of H,. It follows that, under the con- 
ditions used in the case mentioned, the change of slope of 
the curves at H., is less marked than for the 1-litre mill. 
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As the experiments of Fig. 4 were caried out at 50% of 
critical speed, it appears that for larger mills the depen- 
dence of K on H, is still present at lower values of n. 
This may be due to the fact that ball movement is dif- 
ferent for larger mills, as the ratio between wall surface 
and volume of the mill varies for different mill sizes. In 
any case, it stresses the fact that no simple scale-up rules 
can be applied to ball mills. 


Conclusions and Applications 

From the above it can be concluded that any scale-up 
theory must take three different matters into consideration: 
particle size distribution after a single breakage event in a 
ball mill and the probability of breakage due to cascading 
and to cataracting of the balls. There is, of course, no 
strict difference between the two movements, but for the 
present both are considered as separate processes. 

From today’s knowledge it seems reasonable to assume 
the distribution function to be not or hardly influenced in 
scaling up, but as a result of the complexity of the milling 
mechanism the function is not known. 

At first sight, this is not in accordance with the experi- 
mental fact that larger mills tend to give a finer product, 
but then it must be borne in mind that the fineness of the 
product is not only dependent upon the distribution func- 
tion, but also upon the breakage velocity of each of the 
size fractions present. 

With regard to Keasc, the influence on scale-up is at 
present difficult to evaluate, even for the simplified case 
when Kease is independent of H,. Comparing two mills of 
different size the number of “hits” in cascading is equal 
when the same number of balls follows the same path in 
both cases. Even then it is not impossible that the prob- 
ability of breakage is different for both cases. 

As in scale-up, similarity cannot be reached, because the 
wall effect of the mill determines the path of the balls, 
as do mill diameter and rotational speed; even when the 
number of balls is the same and balls and mills have 
the same scale ratio, comparable results are not obtained. 
Moreover, the balls should have the same scale ratio as 
the material to be ground to give the same “zone of opera- 
tion”, but this does not mean that the probability of 
breakage is equal in both cases because—as ROSE states— 
surface properties of balls and particles are of influence, 
and these do not possess the same scale ratio. 

The same considerations apply to Kyen. Here the 
cushioning of the balls is of first importance, and it seems 
impossible at present to apply a simple scale equation to 
this effect, as can be seen from the qualitative difference 
between Figs. 1 and 4. 

From a practical point of view, the foregoing means 
that no simple scale-up rules can be given for ball mills 
at this moment. With regard to particle behaviour 
ANDREASEN’S theory is in accordance with the existing 
facts, but the theory of Martz is too simple to be of appli- 
cation for large scale-up ratios. When considering small 
ratios only, the difficulties arising from the change in ratio 
between surface and volume in scaling-up are of less im- 
portance and can perhaps even be neglected. This means 
that experimental mills should be as large as possible, but 
even then much fundamental research is needed before 
scale up can be trusted to give a close prediction of the 
behaviour of industrial-size mills. 
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1.C.1.2s TITANIUM PRODUCTION 


HE belief that the use of titanium as a corrosion- 

resistant material in the chemical and petroleum 
industries would greatly expand was stated by Dr. W. H. 
G. Lake, director in charge, Imperial Chemical Industries, 
titanium production, at a Press conference held at 
Waunarlwydd, Swansea, recently, following the comple- 
tion of the company’s titanium finishing plant there— 
thought to be the first plant in the world installed solely 
for the production of wrought titanium. Although the 
cut in aircraft production announced in last year’s Defence 
White Paper produced a “definite set-back” in the com- 
pany’s titanium activities (manufacture is only a quarter of 
what it would have been if expansion had continued at 
the rate before the cut), the difficulties are felt to be 
only temporary. Nevertheless, emphasis is now being 
placed on the metal’s corrosion-resistance uses and 
development of thése is being undertaken by a recently 
expanded team under the direction of Dr. K. W. J. 





Identification marks being stamped on the first 4200-Ib. 
titanium ingot to be melted in Europe. It was produced in 
the recently-installed titanium vacuum melting furnaces at 
LC.J1.’s Witton plant—the three of which have a capacity 
of 2000 tons a year (compared with a capacity of 1500 
tons annually from the 18 furnaces in use in 1955). 
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Bowen. I.C.I.’s confidence in the commercial future of the 
metal is shown in their decision to continue spending on 
titanium research at the rate of more than £4 million 
annually. So far the amount spent on this research and 
development is about £2 million, and results of the work 
are reflected in the considerable reduction in price of the 
metal over the past few years—for example, from about 
£15 a lb. for sheet in 1953, to, with the recently-announced 
reductions, less than £6 a lb. If the company’s plants 
could work at “something like capacity”, Dr. Lake said at 
the conference, I.C.I. could drop their prices by half 
tomorrow without further technical advance. For the 
future, he foresees prices at about one-quarter of their 
present level. 

The new plant at Waunarlwydd is the third and final 
link in the chain of the company’s now self-contained 
wrought-titanium production organisation. The three 
main stages are: sodium extraction of the raw metal at 
Wilton, North Yorkshire; melting of the raw-metal 
pellets to ingots at Witton, Birmingham; and, at Wuanarl- 
wydd, the conversion of the ingots to wrought products. 
The extraction process, in which sodium is used for 
reducing titanium tetrachloride, was elaborated in work 
started by the General Chemicals Division of LC.I. in 
1949. The claim that it is cheaper and better than the 
Kroll magnesium-using process is echoed in the company’s 
further claim that their raw titanium is the cheapest in 
the world. 


The Swansea Plant 

The new finishing plant is housed in two buildings of 
similar design but of different strength. The heavy building 
houses the sheet and rod rolling plant, and the light build- 
ing the lighter finishing plant and the pickling bay. Both 
parts are of portal frame design, aluminium clad, and 
fitted with Perspex rooflights. Its most unusual pieces of 
equipment are a finishing mill of Swedish Morgards- 
hammar design for the rod processes, and a continuous 
roller hearth furnace for annealing sheet, one of the few 
of its kind in existence. Material coming from the furnace 
is said to be exceptionally flat and covered with an even 
layer of oxide easily removed. If the remainder of the 
plant is fairly conventional the process of rolling the com- 
mercially-pure metal, and, in particular, alloys, is a fine 
art that in some respects is still being perfected. The 
obstacles to rolling include: (1) a greater difficulty to 
cold roll than the metal’s tensile properties would suggest; 
(2) the tendency of the metal to take up oxygen in solution 
at high temperatures limiting the temperature of hot work- 
ing; (3) the metal’s tendency to lose heat, and therefore to 
cool rapidly because of its low density and heat capacity; 
(4) difficulty in descaling. To avoid waste, each order is 
manufactured specially. The corrosion-resistant material is 
treated to aircraft standards. 

About 200 people are employed in the plant. Most of 
the works payroll have been transferred from the I.C.I. 
Landore copper works in Swansea, which has been shrink- 
ing in recent years. 
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In chemical terms there are many possible uses for wood, but the 
processes are often not economic. The current pattern of use for wood is 
discussed in this article, with suggestions for future developments 


by V. R. GRAY, M.A., Ph.D. 


QUARTER of the land surface of the earth is 

covered by forest, and wood is by far the biggest 
agricultural product, amounting to 1000 million tons of 
industrial wood per annum compared with 6000 million 
tons of all other commodities. This amounts to about 2.3 
tons a head of world population and refers only to wood 
incorporated into finished articles. The amount of wood 
used for fuel or completely wasted considerably exceeds 
this amount. Waste wood of 1000 million tons or more 
represents the largest untapped source of readily available 
chemical raw material, and it can be looked upon as a 
reserve supply which could always be brought into use 
whenever other materials become scarce. 


It seems almost incredible that in the present age of rapid 
industrial development such a vast source of organic 
chemicals could remain largely unutilised. Confident pre- 
dictions made immediately after the war' that wood must at 
last come into its own as a raw material now that coal 
and oil are running short have proved a mocking fantasy, 
as atomic energy has assumed responsibility for future 
power supplies and the oil industry has regularly increased 
its estimates of proved reserves (1955 reserves were 26,055 
million metric tons compared with 21,710 million in 1954?). 
Since the war, petroleum has become an increasingly im- 
portant source of organic chemicals, and plants for pro- 
duction of alcohol, sugar or yeast from wood waste have 
shown themselves for what they were—the last gasp of 
that forgotten economic precept, autarchy. Nobody doubts 
that wood could form the basis of alcohol, fodder yeast, 
plastics, oil, gas, fuel for internal combustion engines, and 
all the multifarious products of the heavy organic chemicals 
industry. It seems probable that the coming age of wood 
will begin only when oil and coal really do begin to run 
short. The hard economic fact is that it is cheaper to trans- 
port oil or even liquefied gas for thousands of miles by 
sea or by pipeline or to dig coal from thousands of feet 
below the ground than to collect wood waste by land 
transport in relatively small quantities over even a limited 
area. It is extremely fortunate that wood is combustible 
and rottable, otherwise heaps of wood waste would far 
surpass in extent the slag and spoil heaps of the metal and 
coal industries. 


Wood and wood waste, besides possessing the disadvantage 
(shared with its geologically metamorphosed companion, 





Dr. Gray is a physical and colloid chemist who has studied 
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coal) of being solid, have also the drawback of containing 
a high proportion of air and water. Both contribute to the 
costs of transport, while the water is a complete economic 
liability which prevents utilisation of other agricultural 
wastes as well as materials such as peat and sea water. 

The petroleum industry, besides holding a firm mono- 
poly in the production of oil fuels, alcohol and ethylene, is 
making inroads into the supply of such products as ben- 
zole, once the preserve of coal tar distillation, and synthetic 
fibres and plastics such as those produced from wood. One 
large American firm has terminated its production of cellu- 
lose acetate and ethyl cellulose to concentrate on the pro- 
duction of polyethylene. Rayon, though by far the largest 
tonnage man-made fibre, and although still increasing, is 
forced to take note of much more rapid strides in the (at 
present) relatively low volume synthetic fibres from petro- 
leum. A prominent British rayon factory was closed down 
in 1957. Accounts of the new polypropylene fibre® indicate 
that synthetic fibres from petroleum may even be able to 
compete with rayon in price, though in this case the pro- 
perties of the two fibres differ considerably. Hitherto, 
cellulose has possessed the advantages of being the only 
readily available crystalline polymer; most synthetic 
plastics were amorphous. The discovery of stereo specific 
techniques for polymerisation of common monomers to 
give crystalline polymers has reduced this advantage and 
wood plastics are bound to suffer in consequence. 

There are, as with most things, some mitigating features 
to this tale of gloom for timber products. Timber js still 
one of the cheapest structural materials, strength for 
weight, and by far the most flourishing field for chemical 
engineering developments using wood is in the reconstitu- 
tion of wood and wood waste as a sheet or structural 
material. Paper and board industries have made colossal 
strides in recent years. World wood pulp consumption rose 
from 28 to 51 million tons within the past 15 years and 
board production (of various kinds) has risen from 70,000 
tons in 1930 to 34 million tons today. Although many 
types of paper and board were developed with the inten- 
tion of utilising various types of waste, the economic fac- 
tor, as well as considerations of uniformity and ease of 
production, have often led to the use of a predominance 
of logs and other wood which could also be used for 
structural purposes. 

Integration of forest industries is the ideal solution. It 
involves national planning not only of forest resources, 
which exist to a large extent in every country, but also of 
processing industries. Pioneering examples of the possi- 
bilities of integration exist in this and many other coun- 
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tries. Their spread is slow, however, and they are far from 
challenging the highly integrated petroleum industry. 

In the fibre field, while it is true that wholly synthetic 
fibres are bound to expand into the present rayon market, 
it is also clear that cellulose fibres will tend to supplant 
natural fibres. An area planted with forest can produce 
three times as much fibre with much less labour cost than 
the same area planted with cotton, with even greater 
factors with wool. 


British Wood Supplies 

Approximately 9% of the wood used for manufacture 
(including pulp) in Great Britain is supplied from native 
forests.‘ The plantation policy of the Forestry Commission 
aims at supplying some 30% of requirements by 1970 by 
the eventual planting of 5 million acres, mainly with soft- 
woods, but difficulty in obtaining land is holding up this 
programme, The consumption of all kinds of timber in the 
United Kingdom in 1956 was about 747 million cu. ft, of 
which about 88% was softwood and 12% hardwood. These 
approximate figures do not differentiate sufficiently 
between roundwood and sawn timber.’ °° Three per cent 
of the consumption of softwood (other than pitwood, 
pulpwood, poles and sleepers and crossings) and 35% of 
hardwood consumption are home grown. 

The most promising source of raw material for wood- 
based industries in Britain are the thinnings and slabs 
from plantations of softwoods made in this country just 
after World War I. In general, the utilisation of waste is 
more readily achieved at the sawmill with a relatively few 
timber species. Collection of slabs, offcuts, sawdust, etc., 
from small enterprises using many kinds of timber over a 
wide area is less attractive economically, but it is being 
undertaken increasingly, especially for chipboard manu- 
facture. A recent novel proposal for supplying pulp for 
rayon production is the growing of bamboo on waste land 
in Scotland.’ 


Amount and Nature of Wood Waste 
The amount of a tree which eventually is incorporated 
in an actual structure varies widely with circumstances, and 

















Fig. 1. The well-known structure of cellulose. 


it is a very difficult matter to define what is or is not 
waste. On a narrow definition, where only the percentage 
of wood actually used for construction in its original form 
is considered, the percentage of waste may range from 
50 to 100. It is a nice point, however, whether logs con- 
verted into paper, pulp, board, wood wool, etc., can be 
considered as wasted. Fuel wood could, and often should, 
be better utilised, but a large percentage of the world’s 
population still relies on wood as a fuel, to say nothing 
of the woodworking employees who regard bags of fuel 
wood as a part-payment in kind for their services, as im- 
portant as concessionary coal. Wood waste is likely to 
continue to be used for heating woodworking factories, 
even though 85% of the heat is usually lost. 

Bark, leaves, small twigs and roots can be counted as 
being wasted entirely, apart from very small amounts of 
bark used for tanning or for fuel. From 8-15% of timber 
harvested is bark. 

Thinnings, that is, small trees in plantations removed 
as the plantation matures, are sometimes too smail for use 
even as pit props. They may, therefore, often be considered 
100% “waste”. Yet one of the most profitable forestry 
operations of today is the production and sale of Christ- 
mas trees, which in some cases may be produced as a 
complete crop. Again, it is difficult to decide whether these 
can be classified as waste. However, as has been indicated 
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Fig. 2. Four suggested structures for lignin. 
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above, it is usually considered’. * that during conversion of 
a standing tree to the finished wooden structure, article, 
etc., about 70-80% is lost, and in many cases wasted. From 
the round log to seasoned sawn timber, the loss is of the 
order of 40-55%. The total amount of waste available in 
Great Britain from sawmills and the timber trade generally 
is about 200,000 tons a year,? whereas the total amount 
produced yearly in all industries is probably between 
700,000 to 1 million tons. The furniture industry alone 
produces 100,000 tons a year, equivalent to 20% of its 
consumption of wood, of which only 0.7% is recovered in 
utilisation. Waste available in the U.S.A. (round timber 
to sawn) amounts to about 100 million tons. 





Fig. 3. The defibrator where intense steam heat and 
revolving grinders reduce the chips to their separate 
fibres is shown above. 





Fig. 4. Illustration of a fibre-board plant where the 
board is formed. 
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The type of waste has an important bearing on utilisa- 
tion possibilities. Leaves, twigs and bark are probably the 
least, and thinnings the most readily utilised. Sawmill waste 
may be divided into sawdust (about 40%), offcuts (45%) 
and chips (15%). At present the most difficult to dispose 
of is sawdust. Although many uses have been found for 
sawdust, they cannot take up the enormous amount avail- 
able (about 90,000 tons a year in Britain), Sawdust, par- 
ticularly when damp, is difficult to dispose of, even by 
burning. 

Another important source of wood waste is waste paper. 
Problems of collection again lead to low recovery. In 1952, 
23% of paper and board in Europe was made from waste 
paper." It is probably much lower today, as waste paper 
prices have fallen. Assuming a static demand, this means 
that more than 77% of paper is never recovered. There is 
no doubt that much of this could be recovered if it was 
considered worth while. 

As it is not possible to make an exhaustive survey of all 
the multifarious processes suggested or practised on wood, 
it is intended to choose representative examples, typical of 
both recent and traditional developments and with par- 
ticular emphasis on British processes of interest to chemical 
engineers. 


Chemical Nature of Wood 

The chief constituents of wood are cellulose, lignin and 
hemicelluloses. 

Cellulose constitutes between 40 and 60% of most woods 
and it is the major wood. chemical. Its constitution is well 
known (Fig. 1). Its isolation from wood by dissolving the 
other components is the main wood-processing industry. 
The other components are often completely wasted, 
whereas the celiulose may be converted to paper, rayon 
or cellulose plastics. 

The hemicelluloses are a group of carbohydrates which 
can usually be removed from wood by simple solvents. 
They are mainly hexosans (whose structure resembles that 
of cellulose) and pentosans and they make up between 10 
and 25% of the wood substance. Apart from some 
attempts to ferment paper-pulp liquor, they have been 
almost wholly unutilised. 

Lignin, second in quantity to cellulose, constitutes 20 
to 30% of woods. It is quite different from cellulose 
chemically and its structure is not yet determined with 
certainty. Examples of structures that have been proposed 
are given in Fig. 2. 

A certain amount of the variation in percentages of the 
three main constituents is due to discrepancies between 
different methods of measurement. Most of the rest is a 
variation between species. Softwoods, in general, have a 
lower hemicellulose content and a correspondingly higher 
lignin content than hardwoods. Some hardwoods, e.g., 
teak, are an exception to this rule. 

Woods contain numerous minor constituents, the extrac- 
tion of which may be of considerable economic impor- 
tance. Rosin and turpentine, quaintly termed “naval 
stores” by the Americans, are obtained from various 
pines. Dyestuffs such as fustic and logwood, quebracho 
tannin, maple sugar, rubber, chicle and gutta percha are 
examples of products from particular species. 

Bark, which is often completely wasted, may be collected 
as a source of tannins (wattle, chestnut, oak), quinine 
(cinchona) or cork. 


Lignin 

There is no doubt that if a profitable economic use 
could be found for lignin, and to a lesser extent for the 
hemicelluloses of wood, the whole status of wood as a 
chemical raw material would be transformed. The prob- 
lems are being forced on the paper industry by difficulties 
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Fig. 5. Sequence of operations in the manufacture 
of insulating board and hardboard. 





over stream pollution, particularly with the sulphite pro- 
cess. Part of the trouble is that the structure of lignin is 
not definitely known, although the decomposition products 
have been exhaustively studied and it is fairly clear what 
sort of chemical products could be produced. Typical of 
these is vanillin CHO which is, in fact, made 


y, OCH; 

OH 
from lignin, so that genuine vanilla essence has practically 
disappeared from the market. A flavouring essence is not 
a quantity chemical, so one plant could easily supply the 
whole world. Two days’ operation of U.S. sulphite mills 
could supply one year’s consumption in that country.’ 
Various phenolic compounds can be isolated from lignin, 
of which vanillin is typical. It should be possible to pro- 
duce a phenolic resin suitable for glue, plastics or even 
fibre manufacture. 

Tannins from mangrove bark are being extracted in 
New Guinea for incorporation in resorcinol glues” and a 
fibre has recently been produced in Japan.®.™ Anti- 
oxidants and corrosion inhibitors are another field for 
phenol utilisation that seems to have been little explored. 
The use of tannins for inhibiting corrosion has recently 
been discussed. It has been stated on several occasions that 
lignin is effective as a filler for rubber instead of carbon 
black."* This use could absorb vast quantities of lignin and, 
in view of the apparent waste of good oil involved in 
carbon black manufacture, it is difficult to see why this 
particular use has not gone ahead more rapidly. Doubtless, 
overwhelming economic factors are involved, but the time 
will undoubtedly come when oil conservation will be im- 
portant. Numerous other uses for lignin have been pro- 
posed and practised." Lignin plastics have been produced 
at various times but they are usually black and lacking in 
strength. Soil improvers developed to dispose of sulphite 
effluents are essentially low-cost products which are un- 
likely to solve wood waste economics completely. 


Pulp and Board Products 

There is no doubt that this heading comprises the major 
part of all wood-processing developments. As a raw 
material for crude fibre, wood has few competitors and the 
industry as a whole has made enormous advances over 
recent years. As in many chemical engineering processes, 
pulp and board manufacture is controlled very critically 
by availability of cheap raw materials and by the econo- 
mics of plant size. The manufacture of paper pulp is most 
critically dependent on throughput and effluent disposal 
and its manufacture is concentrated in a few enormous 
plants situated near large forest reserves, usually where 
transport and effluent disposal can be assisted by rivers. 

World production of paper and paper board in 1956 
was nearly 69 million tons, nearly half of this coming from 
the U.S., with 34 million tons produced in Britain.” About 
71% of paper and board manufactured in Europe is made 
from wood pulp, 6% from other fibrous materials and 
23% from waste paper." Mechanical pulp, mainly used for 
newsprint, is merely debarked logs ground up into fibre. 
There is at present one British pulp mill in Kent making 
mechanical pulp from home-grown roundwood." Chemical 
and semi-chemical pulp, used for higher grade papers, is 





Fig. 6. A new high-speed hydraulic press designed 
to produce 11 types of hardboard. 
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Fig. 7. A multi-platen-process for the production of three-layer board. 


also made in Britain on an almost insignificant scale in 
only two factories, 

Groundwood has at present a rigid specification on 
species. Non-resinous softwoods are preferred and spruces 
are first choice, with pines and Douglas fir next. Larches 
are not acceptable. Difficulties of bark removal lead to a 
lower limit of 34 in. in diameter. Most groundwood plants 
are in regions of coniferous forests such as Canada and 
Sweden. Yield of pulp is about 90% of the original 
timber. 

Chemical and semi-chemical pulp, which involves treat- 


TABLE I.—ECONOMICS OF BOARD PRODUCTION 














Production capacity, tons/24 hr 7 15 30 120 
Building Total investment 1250 | 1500 | 2000 | 7000 
Board ($1000) 
Investment per ton 60 33 29 23 
24 hr ($) 
Hardboard Total investment 1350 | 1700 | 2400 | 8000 
($1000) 
Investment per ton 63 38 27 | 22-5 
24 hr (8) 
Wood Total investment 550 | 850 | 1300 
Chipboard ($1000) 
Investment per ton/ 27 20 16 
24 hr ($) 
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ment with sulphite, soda or other means to dissolve vary- 
ing amounts of lignin, is much less rigid on species. Hard- 
woods such as oak, ash, beech and birch can be used and 
chemical-pulp plants may be situated in many areas. 
Recent semi-chemical processes can even use wood waste 
of various kinds as a raw material.’ Yield of pulp in 
chemical processes is usually not above 70%, the rest 
being lost in the effluent (sulphite process) or by combus- 
tion in recovery of the chemicals (soda or sulphate pro- 
cess). Very little attempt is made to recover these enor- 
mous quantities of wood chemicals. 

It is considered that a groundwood mill must have a 
throughput of over 50,000 tons a year, whereas hardwood 
pulp should be over 36,000 tons and board 20,000 tons a 
year.” 

The main board products are fibre building board, 
hardboard and wood chipboard or particle board. Fibre 
building board and hardboard plants can be run economi- 
cally at lower throughputs than pulp mills. Wood chip- 
board can operate successfully on an even smaller scale. The 
figures given in Table I have been given recently for the 
economics of operation for the three types of board. While 
pulp mills are concentrated in the forest areas of the world, 
fibreboard and hardboard plants can, and do, operate else- 
where, whereas wood chipboard is being manufactured all 
over the world and is by far the best method at present 
available for using up economically some forms of wood 
waste produced on a relatively small scale. 
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Fig. 8. Diagram of the Bartrev process showing the packaging unit. 


Fibre board or fibre building board is a relatively light, 
thick material whose manufacture resembles that of 
mechanically ground paper (Fig. 5). The incoming logs and 
slabs are converted into chips which are then digested and 
ground into pulp by means of defibrators (Fig. 3). The 
pulp is passed along a continuous screen where the wet 
board is formed. It is cut into lengths and dried in a con- 
tinuous oven. A plant recently brought into operation at 
Queensferry, near Chester, has demonstrated the possibili- 
ties of integrated forestry utilisation with the thinnings 
from British softwood plantations in Wales. The fibre- 
board plant takes all the rejected timber unsuitable or too 
small for pit props, as well as all the slabs and offcuts from 
the sawing of sleepers, crowns, etc. Even a proportion of 
the bark may be included, although sawdust cannot. Fig. 
4 shows the section of the plant where the board is formed. 
The capacity of the plant is 33 tons a day. The other three 





Fig. 9. An impressive view of the special continuous 
press used in the Bartrev process. 
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British plants produced 33,000 tons in 1957, about half 
of which was from wood waste, 40% from pulp wood and 
the rest from bagasse, waste paper, etc. About 30,000 tons 
are imported yearly. 

The main difference between the manufacture of hard- 
board and that of fibre board is that heat and pressure are 
applied to the hardboard besides drying. The sequence of 
operations for both types of product is shown in Fig. 5. 
A recently enlarged hardboard plant in this country at 
Stonebridge Park, London, is again based on softwood 
(and some hardwood) thinnings with the addition of wood 
waste from neighbouring factories, The miulti-daylight 
press from this plant is shown in Fig. 6. The various pro- 
cesses are almost entirely automatic. British production 
of hardboard for 1957 was only 25,400 tons, while 160,000 
tons were imported. Hardboard is very suitable for export 
trade as it is a dense material. In Europe, Sweden holds 
the most important position in the market with over a 
quarter of the production, while the United Kingdom 
figure represents 11%. 


Wood Chipboard 

There is no doubt that the most rapidly expanding 
wood-processing industry of recent years is the production 
of wood chipboard (or wood particle board). World pro- 
duction has risen from about 20,000 tons in 1950 to 600,000 
tons in 1956. Production for 1958 is expected to exceed 
a million tons. Production in Britain has not increased at 
this rate, and is at present about 34,000 tons, whereas half 
the world production of wood chipboard comes from 
Germany. 

The essential difference between wood chipboard and 
other boards is that in chipboard the chips of wood are 
bonded together by a cold-setting synthetic resin adhesive 
(usually a urea-formaldehyde resin), about 5-7% usually 
being necessary. The density of the product can be varied 
over a wide range and three-layer structure and plastic 
surfacing can be incorporated in the process. 
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The average size of plant is about 20,000 tons a year, 
which means that it is well adapted to the use of wood 
waste either in a large factory or in an area where waste 
can be collected economically. Agricultural waste such as 
straw, bagasse, etc., may also be suitably incorporated, In 
practice, it has often been found that better quality and 
uniformity of product can be obtained by chipping up 
roundwood, and a recent British plant in Scotland uses 
forestry thinnings. 

There are three main processes. The extrusion process 
is probably the cheapest but it results in rather a low- 
strength board. Of the processes where the board is com- 
pressed, Fig. 7 shows the sequence of operation for the 
discontinuous multi-daylight process and Fig. 8 that for 
the continuous Bartrev process. The latter depends on a 
special continuous press (Fig. 9) which enables the pro- 
duction of board in any required length. 


Fibres and Plastics 

After pulp and board the next most important wood 
processing industry is the production of fibres and plastics. 
Prior to the last war the main raw material both for rayon 
and cellulose plastics was cotton linters. Bleached wood 
pulp is now used exclusively for regenerated cellulose and 
increasingly for cellulose derivatives. As with chemical 
paper pulps, the lignin of the wood is dissolved away, mainly 
by the sulphite process. However, for rayon and plastics a 
higher degree of purity is required. On the other hand, 
high fibre strength is not so important and several hard- 
wood species can be used for rayon manufacture which 
would not give a sufficiently strong paper. Spruce, fir or 
Western hemlock are the woods most commonly used for 
this purpose. 

Production of man-made fibres in Britain increased from 
421 million Ib. in 1953 to almost 500 million Ib. in 1957. 
Rayon made almost 90% of these totals, but the propor- 
tion of non-cellulosic fibres is increasing. 

There are two main types of rayon, Viscose rayon is re- 
generated cellulose. It is made by treating bleached pulp 
(or cotton) with alkali and then with carbon disulphide, 
when cellulose xanthate forms. The fibre is regenerated 
by extruding into a bath of dilute acid through platinum 
spinnerets, the fibres being then stretched, twisted, washed 
and wound en to packages. Viscose may also be fabricated 
into sheets when it is known as cellophane, used in packag- 
ing and for sausage skins. It may also be made into cellu- 
lose sponges. 

Acetate rayon is made from cellulose acetate obtained 
by treatment of cellulose with acetic acid and acetic an- 
hydride. A recent development in this field is a marketable 
cellulose triacetate capable of retaining pleats. Require- 
ments for cellulose purity are much more stringent for 
acetate than for viscose, so much so that up to about 10 
years ago all cellulose acetate, whether for rayon or plas- 
tics, was made from cotton linters (the short ends of cotton 
unsuitable for textiles). Today a proportion of acetate is 
made from specially bleached wood pulp, but its use for 
this purpose fluctuates with economic conditions. The ex- 
pansion of the use of wood cellulose in the fibre and 
plastics industries therefore depends on cheaper methods 
of producing specially bleached wood pulp. It should be 
mentioned that cellulose acetate plastics are not at present 
expanding greatly in production as they are costly com- 
pared with petroleum plastics. 

The production of cheap wood cellulose is bound up 
with the utilisation of the other wood constituents which 
are at present more than a waste as they are an economic 
liability, particularly with the sulphite process where the 
residues are a major disposal problem. With the soda 
processes the lignin compounds are usually ignited to re- 
cover the soda, but even here economics would be trans- 
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formed if a valuable outlet could be found for the lignin 
and pentosans. 

A further use for wood in the plastics industry is as a 
filler. Wood flour is an established constituent of phenolic 
and other thermosetting plastics and of linoleum, rubber, 
explosives and roofing felts. Usually only white non- 
resinous species must be used and acid woods likely to 
cause corrosion or interference with setting of resins 
avoided. 


Wood Distillation 

The distillation of wood to produce charcoal and 
chemicals, such as acetic acid and methanol, is a very an- 
cient industry which is largely stagnant today for lack 
of modern plant plus an inability to compete with other 
processes producing the same chemicals. Charcoal remains 
an essential commodity for absorption, catalysts and 
metallurgy, even though it cannot claim the large market 
as “recreational” (i.e., for garden barbecues) which sus- 
tains its production in the United States. Britain imports 
over 16,000 tons at higher prices than those paid in Britain, 
which seems economically absurd, as British production 
could clearly expand from its present figure of some 9000 
tons a year. 


Fuel 

Quite apart from the majority of waste wood from 
various industries which is burned with varying degrees 
of efficiency, a high proportion of all the wood felled in 
the world is burned as a domestic fuel. The proportion 
varies widely. In a recent survey for Europe alone,’ it 
varies from 12% of wood felled (Britain) to 80% (Turkey) 
and 95% (Greece). Wood is a poor fuel. Its calorific value, 
dry, is only 8500 Btu/Ib. (coal 12,000-14,000 and oil 
19,000-20,000), but wet wood is much less. A moisture 
content of 80% reduces the effective value by two. Wood 
is also a bulky fuel and very difficult to burn with effi- 
ciency, particularly as sawdust. At present something like 
85%, of the enormous amounts of wood used as fuel must 
be regarded as wasted, even from the point of view of 
heat. 


Conclusion 

This incomplete survey shows that wood is at present 
being increasingly used as a raw material for fibre and 
board products and it is holding its own as a raw material 
for regenerated cellulose and its derivatives. Its use for 
other chemical products, however, depends on integration, 
economy of utilisation and supply difficulties of other 
more convenient sources of organic chemicals. 
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THE SITING OF NEW GAS PLANTS 


Which way is the gas industry going? In his Presidential 
Address to the Institution of Gas Engineers, Dr. J. Burns, 
G.M., made a detailed review of present trends leading up 
to the revolutionary proposals which we reproduce below 





HILE no process for the gasification of coal is yet 

available that will, by itself, completely meet all the 
suggested needs, present work on gasification shows much 
promise and it is probable that coal-gasification processes 
capable of producing gas of high calorific value for direct 
distribution will become available in the near future. Pro- 
cesses are already in operation that meet most require- 
ments, though not all. Processes based on the gasification 
of oil can give the required results, and further develop- 
ments are likely. We foresee, too, the possibility of the 
importation of liquid gases, which will widen the field of 
raw materials to the industry, and also provide us with 
the type of gas we require. 

{[Dr. BuRNS went on to say that a combination of coal 
and oil gasification and the use of liquid gases was 
feasible. If new methods of gas production from both 
coal and oil were accepted, it would be of interest to 
examine the siting of new gas-manufacturing plants.] 

The biggest concentration of low-rank coal for gasifica- 
tion lies in the Midlands of England, he said, while the 
largest concentration of oil and oil products lies at the big 
ports. The production of oil products is subdivided between 
the Thames area, where the oil-refining capacity amounts 
to 16.7 million tons of crude oil per annum, Fawley with 
10.5 million tons, the Manchester area with 7.2 million 
tons, Llandarcy with 3 million tons, and Scotland with 
3.5 million tons. The Thames area is suitable for importing 
liquid gases. 

The greatest concentration of gas usage in the country 
is in the London, Midlands and South Lancashire areas, 
and if a straight line is drawn from London to Manches- 
ter not only does it join up two important oil reception and 
processing areas, but it also passes through or in close 
proximity to the biggest low-rank coal-producing area in 
the country. Furthermore, in the belt of country within 
35 miles on either side of the line between London and 
Manchester, there is used over 70% of the total gas pro- 
duced in Great Britain. This same belt embraces over 70%, 
of the developed reserves of coal of ranks 800 and 900. 
These factors are shown graphically in Fig. 1. 


Siting of New Plant 

The siting of new gas-manufacturing plants in the area 
would depend, from the technical and economic points 
of view, on the industry's ability to transport large 
quantities of gas over long distances and the relativity in 
costs between such transport and the transport of the raw 
materials—coal and oil. 

Results of studies, both technical and economic, of the 
transmission of large quantities of gas over long distances 
are fascinating, for they bring out the many different 


426 


possible approaches to the problem and reveal the balance 
between capital and operating costs over different distances 
and for different sizes of mains. Experience gained in 
installing large high-pressure steel mains typified by the 
Shell Haven-Romford main provides the basis of this 
study, and the costs, too, are representative. All calcula- 
tions are based on 100% load factor or full usage, but 
the total costs will not vary much when the level of 
usage falls within limits to about 70%, for the higher 
capital costs will be balanced by lower compression costs. 
This is quite an important factor in determining the choice 
of size of main, for account must be taken of the probable 
extension of the load, and during the time mains are work- 
ing below maximum load conditions the costs are not 
proportionately increased. This study enables a comparison 
of the cost of large-scale gas transmission with the costs 
of coal and oil transport. This comparison is shown 
graphically in Fig. 2 and reveals a marked advantage under 
present conditions of transmitting gas underground rather 
than transporting coal or oil by rail. On this basis, plants 
for the gasification of coal should be placed as near as 
possible to the pithead while plants for the gasification of 
oil or oil products should be placed as near as possible 
to their source in this country. 

There follows from this an interesting disposition of 
gas production, transmission and usage for the area 
between and including London and Manchester where 
gas from coal gasification could be produced at large pit- 
head gasification plants and gas from oil or oil products 
at the two ends of the line. This disposition, too, is most 
suitable for the load characteristics in this belt of country, 
for the load factor is worse in the London area and 
seasonal and peak load gas should, other factors being 
equal, be made near to the point of usage to allow 
optimum operation of the transmission system. 


Gas Manufacture Concentration in Big Plants 


Plants based on coal gasification and used essentially 
for base-load purposes could be very large: with the load 
requirements in the London-Manchester belt, the mini- 
mum unit size should, if possible, be in the region of 30 
million cu. ft a day, and plants with very large capacities 
could be built up on this unit size. Plants or installations 
of similar size with oil and oil products, or liquid gas, 
could be used for base-load supply. It is possible, too, to 
foresee a combination of the use of coal gas and oil gas 
in one plant for base-load purposes; for some of the pro- 
cesses now successful in coal gasification, including the 
Lurgi and Rummel processes, make gas that would benefit 
by enrichment before distribution. We have to consider 
the interesting problem of whether it is right to transport 
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THERMAL CONTENT OF COAL 
260 THERMS PER TON. 
SIFICATION EFFICIENCY 65%, 


PENCE PER THERM 





MILES 


Fig. 2. Comparison between costs of gas transmission and 
charges for transport of coal or oil. 


the oil for manufacturing gas for enrichment purposes to 
the pithead, or whether such enriching gas should be made 
at the sea terminal and transported underground. This 
problem is somewhat complicated by the system of zoned 
prices for oil, but, even with this, underground transmission 
is competitive if the quantity of gas required is in the 
region of 24 million cu. ft a day, or more. The trans- 
mission costs of raw oil underground would be even less 
because of the higher thermal concentration. It is not 
possible, however, economically to pipeline high-viscosity 
oils, and this may put an undesirable limitation on the 
choice of raw material. 


The choice of coal, oil or liquid gas as a raw material 
for base-load gas production should depend in long term 
on the service, including price and quality of product, 
that each material can offer to the consumer, but it must 
be to the benefit of fuel supply in the country that the gas 
industry should be in a position to make the most efficient 
use of all raw materials. 

The strong case for the use of oil or of oil products for 
seasonal and peak-load requirements is likely to continue. 

The main from London to Manchester can be envisaged 
as a 30-in. main, which would economically carry up to 
600 million cu. ft of gas a day in one direction, and if the 
production situation were such that gas could be manu- 
factured efficiently at the centre and at two terminals of 
the main, the overall quantity of gas that the main would 
serve would be much higher, for then the main would be 
handling only marginal quantities when related to the 
manufacturing capacity at three points and would cater 
for a considerable increase in gas requirement in the 
London-Manchester belt over that experienced at the 
present time. 

It is not within the scope of this address to deal with 
the means by which a London-Manchester main could 
form part of any national grid, but, quite clearly, there 
would be possibilities of connections either for the purpose 
of drawing supplies from the main or of feeding gas into 
it. 

The London-Manchester main together with central and 
terminal gas manufacture wou'd fit in suitably with our 
present methods of gas manufacture and distribution, but 
it presupposes in the first place that there would be means 
for a full interchange of gas between contiguous Area Gas 
Boards within the belt. Quite apart from the benefit that 
would derive from cheaper gas from large centrally or 
terminally situated installations, benefits would arise from 
load diversity within the belt with, in long term, saving 
in capital investment. 

The present programme of closing down less-efficient 
and less-economic production units could be accelerated, 
and, while there is nothing foreign in the conception of 
centralised gas manufacture to the continuation of existing 
coal-carbonisation plants, such continuation would neces- 
sarily depend on the ability of the carbonisation process 
to produce gas competitively. Coke oven gas produced 
and available within the territory served by the belt could 
be assimilated with due regard to new standards of gas 
quality and price which centralised gas manufacture would 
bring. 


New Redhill Instruments Factory 


HE new factory of Foxboro-Yoxall at Redhill, Surrey, 

for the manufacture of process measuring and control 
instruments, opened officially by the mayor of the borough 
recently, provides immediately double the floor area of 
the company’s previous accommodation in London. The 
58-acre site will readily allow the production area to be 
trebled in size. In addition to the factory and the office 
block, connected by covered ways, the buildings already 
erected include a self-contained canteen with dining-rooms 
for all members of the staff and visitors, and a temporary 
hydraulics laboratory housing a pilot rig. 

Constructed largely of glass and aluminium, the new 
buildings are of efficient layout and appearance. The 
factory is of a single storey at present, 200 ft x 425 ft, 
with north lighting and the roof supported in long spans to 
minimise obstruction of the working areas. All services 
are distributed through an underground tunnel running 
the length of the factory, and having its main opening in 
the power house. 

For the production areas a circular layout has been 
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adopted so that goods enter and leave the building at 
roughly the same point, the goods circulating round the 
central stores. As factory conditions are of particular im- 
portance, much care has gone to the choice of lighting, 
heating and ventilation appliances. Artificial lighting, for 
example, is by fluorescent tubes designed to give a shadow- 
less 30 lumens per sq. ft. Most of the production floor 
is devoted to the manufacture of the standard components 
from which the company’s instruments and control panels 
are assembled. Automatic machinery, jigged and tooled, 
is used where possible to help in ensuring uniformity of a 
product irrespective of which factory in the Foxboro- 
Yoxall organisation has produced it. (The other factories 
are in the U.S.A., Canada and Japan.) 

An important department in the establishment is the 
training school, intended primarily for users of the com- 
pany’s products. Its advanced courses, stated to be of uni- 
versity standard or higher, will be of three weeks’ duration 
in the new building instead of two weeks as previously, 
and each will accommodate 12 men. 
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A review of some of the 6000 machines and units of equipment 
shown at the 1958 Ausstellung-Tagung fur Chemisches 
Apparatewesen at Frankfurt-am-Main by 1030 exhibitors 


The classical division of industries is into the capital- 
intensive group and the labour-intensive group. To this, 
Dr. BRETSCHNEIDER, in one of his opening speeches, added 
a third category—the research-intensive industries. The 
chemical industry is one of these, and the exhibition 
showed the results of fruitful interaction between its de- 
mands and the development of equipment. Naturally, a 
major theme was automation and with this was linked 
equipment for nuclear power generation. Some plant was 
novel in approach, but in many cases novelty lay in using 
new materials or new cladding for otherwise standard 
equipment, or in developing larger units. The complete list 
of exhibitors and plant is given in “Handbuch, Euro- 
piisches Treffen fiir Chemische Technik, Achema 1958”. 
Here we can quote only a selection from the items. 


EMPTY SCALES 


SCALES WITH 
EMPTY 
CONTAINER 


/ 


TARTING (in principle) at the factory gate, the Schenck 

(Darmstadt) direct-reading weighing machines may be 
noted. They were shown in medium sizes, but are avail- 
able up to weighbridges for lorries and railway wagons. 
It is claimed that the weight can be read off two seconds 
after the load has come to rest, either locally or remotely 
indicated, and can be directly printed on cards or forms. 
For repeated weighing into containers, a taring device can 
be fitted; this is used as illustrated in Fig. 1. 


TARE WEIGHT 


TARING DEVICE 
OPERATED 


/ 


Control and Measurement 


ZERO Automation requires suitable equipment at the point of 

application on the plant as well as control gear. Ring 

SCALES WITH valves are very suitable for linking with the latter. Eisen- 
FILLED werk Schilling of Kracks/Bielefeld showed a remotely- 
CONTAINER controlled manifold fitted with ring membrane valves of 


the type illustrated in Fig. 2. This gives silent operation 
and perfect closure even with impurities in the liquid; it 
is glandless and can be constructed in materials to with- 
stand corrosive or erosive conditions. The rubber (or elas- 
tomer) membrane is hydraulically or pneumatically con- 
trolled and the valve design gives a small pressure loss. 
Variants of the basic design are available, such as non- 
return valves and foot valves. 

Another interesting development in ring valves has been 
produced by Bopp and Reuther of Mannheim. This is a 
controlled recoil unit specially suited for large-diameter 
pipes and high liquid velocities. It is shown in Fig. 3 and 
can operate as a stop-valve, throttling, measuring and 


/ 


NETT WEIGHT 


EMPTY SCALES 


Fig. 1. Nett-weighing made easy. How the illu- 
minated scale of the Schenck weighing machine 
appears to the operator. 


TARE WEIGHT RECHECKED 
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Fig. 2. Ring membrane valve shown diagrammati- 
cally with one part closed, the other open. 


recoil unit. The illustration shows it equipped as a recoil 
unit. When the pump motor is switched on, magnet | is 
energised and engages coupling 2. The motor 10 can now 
be switched to the opening position manually or automatic- 
ally. Through the worm wheel transmission 3 and con- 
nections 4 and 14 the spindle 13 is turned, the counter 
weight 5 is lifted and the valve body 11 placed into the 
open position as shown. When the current is cut off from 
the pump motor, magnet | is inactivated, coupling 2 is 
broken by weight 6. Weight 5 moves the stopcock 11 into 
the shut position. The brake 7 regulates the closing velo- 
city with the help of valves 8 and 9 in such a way that 
the first part (about 75%) of the closing takes place very 
quickly and the rest with ever-increasing delay, so that 
liquid hammer effects are avoided. 

Agfa of Munich have developed an effluent testing unit 
using continuous recording instruments and taking a 
sample automatically every hour. The unit was shown 
attached to a pH meter, but can also be employed with 
accessories to test for radioactivity, metallic salts, chrom- 





ates and phenols. In addition, at intervals which can be 
adjusted between } hour and 12 hours, a sample is taken, 
hermetically sealed in a plastic container and stamped with 
date, time, serial number and unit number. 


Nuclear Technology 

In the section devoted to nuclear science and technology, 
AEG of Berlin-Grunewald exhibited, for the first time in 
Germany, an all-electric reactor simulator. This operates 
as an analogue computer and can represent and calculate 
simultaneously the dynamic properties of both the nuclear- 
physics section and the thermal section of an automatic 
power plant. In addition, complete automatic regulation 
equipment for a light-water reactor was shown on this 
stand. There was also a model of the reactor Merlin of the 
so-called swimming-bath type, which is intended for a 
maximum thermal output of 5 MW, and is equipped for 
research with a large number of experimental channels. 

For use with heavy water, a special type of heat ex- 
changer has been developed with centre bars located by 
spacing pieces inserted in the tubes. The water flows 
through the annular spaces, thus giving a large surface for 
a minimum volume. The present size of construction in 
stainless steel by M.A.N. of Niirnberg provides 515 sq. m. 
of heat exchange surface. Free space was also restricted 
in the headers. 


Pumps 

Canned motors were displayed—based on sealing-up 
the motor then placing motor and pump in a common 
housing without lubrication other than that provided by 
the liquid which is being pumped. In these designs a part 
of the liquid is led through the motor. With dirty liquid, 
usually this part of the liquid is filtered. A film is formed 
between the rotor and the casing both within the motor 
and the pump, reducing friction and wear. Ladendorf of 
Hamburg were showing Chempumps, which were said to 
be modified from the original American design. They were 
offered for system pressures up to 25 atm. in standard 
constructions, but could be produced for pressures up to 
325 atm. The latter seemed a very impressive achievement. 
Pumps can be made of grey cast-iron, stainless steel or 
other materials including ceramics, graphite or Teflon and 
can be made self-priming. The range extends from 3 to 
5000 1. per hr against heads of up to 350 m. Amag-Hilpert- 
Pegnitzhiitte A.G. of Niirnberg had process pumps of 

















Fig. 3. Ring valve unit 
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these types for heating liquid circulation systems up to 
400°C, and one variant will deal with temperatures up to 
350°C and 400 atm. Material of construction is chromium- 
nickel-molybdenum alloy steel. Versions of the pump for 
other duties are made in many other materials. 

Pfaudler of Schwetzingen/Baden announced that their 
enamelled pumps for continuous high duty in corrosive 
media based on a new special enamelling process were 
being shown for the first time in Europe. Pumps were 
available for throughputs up to 160 cu. m. per hr giving a 
lift of 40 m., and claimed to be mechanically robust. 


Heat Exchangers 

The Ramen heat exchanger was shown by Fritz Voltz 
Sohn of Frankfurt. The heat-exchanger surfaces consist of 
lamellar tubes which are profiled to space themselves and 
also bear on the housing (Fig. 4). By this construction, 
relatively small wall thicknesses, such as 1.5 or 1.75 mm, 
can stand pressures up to 10 atm. Special profiles can be 
used for higher pressures. These are available in stainless 
steels, boiler steel, nickel and Hastelloy. The high speeds 
used in this kind of heat exchanger prevent deposition on 
the walls and, in addition, the bundle is easily removable 
from its housing for cleaning. These units have so far been 
used for preheaters, SO. condensers and as liquid/liquid 
heat exchangers, particularly in the cellulose and paper 
industries. The hydraulic diameter is about 7 to 13.5 mm, 
so that even with organic liquids of low thermal conduc- 
tivity high heat-transfer rates can be obtained. In steam- 
heated preheaters and waste gas coolers, heat-transfer 
coefficients of 3000 kcal/m* °C hr are reached in normal 
operation. This type of heat exchanger takes up less space 
than a tube-bundle exchanger of equal capacity. 

An ingenious heat-exchanger system for use with rotary 
kilns in the cement industry was displayed by Humboldt 
of Kéln-Kalk. The raw solid feed is preheated in a sus- 
pended condition in counter-current to the flue gases from 
the kiln in a four-stage system. Each stage consists of a 
vertical feed tube and a cyclone separator. The raw feed 
introduced through one of the vertical tubes is entrained 
by the rising gas stream and then separated in a following 
cyclone separator. By these means, the temperature of the 
solid is raised to 820°C at the point of entry into the 
furnace due to the fact that the heat transfer has taken 
place in the suspended condition and not under unfavour- 
able conditions in the furnace itself. The final discharge 
gases are at 250-300°C and can still be used for drying. 
It is claimed that with this attachment the heat consump- 
tion of kilns is 850-900 kcal per kg of clinker, or if the 
gases are used for drying, only 700-800. By the addition of 
the heat exchangers to three existing plants, it is reported 
that an extra 87,000 tons of cement was produced annually 
and, simultaneously, 22,000 tons of coal saved. These heat 
exchangers need no appreciable maintenance. 


Using Vibrations 

Giovanola Fréres of Switzerland showed a vibrating 
vertical crystallisation unit for continuous operation. This 
was said to work fully automatically with a constant 
medium rate of heat transfer (K = about 200 to 300). The 
hot mother liquor is fed down a vertical tube which is 
split through a series of cones, each with a centre hole, 
effectively into a series of small chambers. Cooling tubes 
pass vertically through these chambers and are internally 
cooled with running water. They are vibrated by hammer 
blows on an overhead suspension, so that the crystals are 
shaken down from chamber to chamber and in this way 
grow larger. At the bottom is an “impulse valve” for re- 
moval of the crystals with some mother liquor at time 
intervals of about 6 to 10sec. Both the vibrating units are 
operated by a pneumatic impulse unit. The valve seat is 
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Fig. 4. Ramén heat exchanger, showing the indivi- 
dual unit and assembly. 


lifted about 30mm at each stroke and the air pressure 
supplied at about 2atm. In general, the impulse unit can 
be adjusted to give strokes lasting between 0.5 and 30 sec. 
at time intervals of between 1 and 180sec. The crystals 
are normally fine, between 0.1 and 0.5mm, and easily 
centrifuged. 

Several firms were displaying vibrating conveyors. Jést 
of Munster (who have licensing arrangements with John 
Thompson of Doncaster) were showing helical conveyors 
for raising material up to 8 m. vertically. These can be set 
to take material up or down and form part of a wide 
range of types of equipment based on the “micro-throw” 
principle which keeps the material continuously suspended. 
Amplitude can be adjusted between 1 and 15mm and 
frequency between 1000 and 3000 per min. By a suitable 
choice of constructional materials, they are usable for 
solids at temperatures up to 600°C and abrasive matter. 
They can be supplied in the form of tube or as open 
channels. Standard conveyors are available in sizes taking 
up to 275 tons per hour. 


Safety Devices 

A voluntary organisation devoted to ensuring safety of 
operators has been set up by firms in the chemical in- 
dustry. This body showed a number of layout diagrams 
for autoclave enclosures and a wide range of safety de- 
vices, ranging from the simplicity of a wiper for an obser- 
vation glass to more complex units. They included inter- 
lock units for ensuring correct operation of associated 
valves, preventing operation of a valve system during ser- 
vicing of one valve and ensuring correct connections of 
pipelines. Other developments were a new type of gland 
for stirrer shafts, safety devices to guard against the results 
of spring breakage in pressure gauges and an alarm to 
show when stirring has stopped in a vessel, for example, 
if a stirrer blade breaks, and to switch on or off other 
equipment as appropriate. This device is based on the use 
of a float located near the wall of the vessel which is 
attached to a pivot in the cover and by hinged links to a 
switch operating a relay. These units and others are de- 
scribed in moderate detail in a brochure entitled simply 
“Die Berufsgenossenschaft der chemischen Industrie auf 
der Achema, 1958”. 


Insulated Tank Wagon 

Hoechst showed a vacuum-insulated metal tank wagon 
for the transport of liquid ethylene at —100°C. The test 
pressure was 2 atm. and it was intended to be filled at 0.1 
atm. Trials had shown that, over 500km of rail travel, 
the pressure rise through heat leakage had been 0.05 to 0.1 
atm. The tank had been found to take 40 days to attain 
2atm. The capacity is 13.3 tons. 
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CALCULATION OF THE TRANSIENT BEHAVIOUR 
OF DISTILLATION COLUMNS — PART II 


In this, the second part of his article, the author discusses the relative 
advantages of two computer programmes 


by H.H.ROSENBROCK, B.Sc. (Eng.), Ph.D., A.M.1.E.E. 


4. First Computer Programme 

The specification for the first programme followed very 
closely the lines laid down in Section 3.5. The function 
y* = f (x) was fed in as a table of up to 101 values. The 
intervals of x were kept constant at 4, over the range 
0<x<a, then the intervals were changed to & over the 
range a< x < b, and to 4; over the remaining part of the 
range of x. The object of providing three ranges with 
different intervals of tabulation was to allow close entries 
where y* was changing rapidly, without using an unneces- 
sary number of entries where y* was changing slowly. 
Between 15 and 20 points were usually found sufficient to 
define the equilibrium curve. Interpolation was linear, 
both for the sake of simplicity and to avoid any doubt 


Part 1 of this article was published in the July issue, p. 364. 
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Distillation columns used in the manufacture of 

styrene monomer at Forth Chemicals’ plant, Grange- 

mouth. The effect of step changes upon the operation 

of such columns can be deduced through computer- 
based methods. 
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about the slope of the interpolation polynomial in the 
critical regions near x = 0 and x = 1. 

The method adopted for integrating the set of differen- 
tial Equations (17) was the simplest possible forward 
integration : 


3t 
&x, = i. { Vr sr — VirYr + Legg Xray — LyX + F,zr} 
r 


rer! 
At each stage every value on the right-hand side is known, 
and each 46x can therefore be obtained without trouble. 
On running the programme, however, it was found that 
Lét/H had to be restricted to small values in order to 
avoid instability in the solution, and for this reason the 
time taken for the calculation was inordinately great when 
more than about five plates were dealt with. 

The reason for this difficulty can be seen most easily 
from Fig. 2, which shows the change of composition with 
time for one plate of a column. Suppose that the solution 
has reached time f; and that we know exactly the values 
of x for all the plates. The computer will then evaluate 
the slope of the curve at A and will extrapolate linearly 
to B, near to the correct value C. Owing to the rounding- 
off and other errors, however, the computed solution at 
time ft; may be D, instead of A. The actual behaviour of 
the composition, starting from D, would be somewhat as 
shown by the line DE. Consequently, if we evaluate the 
slope at D and extrapolate linearly to tf we shall come to 
the point F. Now, roughly speaking, if F is nearer to C 
than D is to A, the comruted solution will oscillate about 
the true solution with a diminishing amplitude. If, however, 
F is further from C than D is from A, then the oscillations 
will continually increase in amplitude. 

This explanation has neglected the fact that oscillations 
of composition on one plate will cause corresponding 
oscillations on neighbouring plates. A more complete 
analysis can easily be given” if the equations are simplified 
by putting H, = L, = V, = 1 and y, = x,. Equation (17) 
then becomes: 

dx, 

dt 
which, with appropriate end conditions, has the trivial 
solution x9 = x1 = x2 =... = Xn41. If now all the values 
of x except x, are zero, and x, = 1, the state of affairs 
after successive intervals 6¢ will be as shown in Table 1. 
Since the problem has been linearised, the Table shows 
also the growth or decay of a small error existing in x, 
at time t = 0. 

Putting 5¢ successively equal to 0.5 and to 1.0, we find in 
this way the results given in Tables 2 and 3. Only half 
of the symmetrical sets of results has been shown in these 
tables. 


= Xr+3 — 2Xp + Xr_3 ..--(19) 
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From Tables 2 and 3 it appears that the process of 
solution is stable if 8¢ = 0.5 and unstable if 5s = 1.0. Table 
2 does not, of course, show the true behaviour starting 
from x, = 1 and all other x equal to zero. To obtain this 
we should have to use much smaller values of 4 near 
t = 0. What the tables do show is that even in the later 
stages of a solution, where none of the values of x is 
changing rapidly, we cannot use a value of $f greater than 
about 0.5. If we attempt to do so, any small error will 
begin to grow and will finally swamp the required solution. 

These results indicate that the greatest permissible value 
of Lét/H will be about 0.5, regardless of the number of 
plates in the column. The amount of work for each time 
interval increases in approximate proportion to the num- 
ber of plates n. Moreover, the time to reach equilibrium 
increases as n*, Thus the amount of work needed to follow 
one approach to equilibrium will increase roughly as n’. 
For this reason, the first computer programme was found 
to be quite uneconomic for columns with more than about 
ten plates. 

If the first-order forward integration represented by 
Equation (19) is replaced by a higher-order process, the 
greatest value of 5¢ may be increased, but apparently by 
a factor of no more than four or five. A similar improve- 
ment may be obtained by averaging’ the successive values 
obtained from a first-order integration. Such improvements 
are not significant while the total amount of work remains 
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dependent on n°, since the programme will still become 
uneconomic for only a moderate number of plates. 

What is required is evidently a process which makes the 
amount of work more nearly proportional to n than to n'*. 
If, for example, 5¢ is doubled after every m time interval 
throughout the calculation, the number of time steps to 
equilibrium will increase approximately as log n. Thus 
a process which allows 4t to be increased indefinitely in 
the later stages of the approach to equilibrium will make 
the amount of work depend on n log n rather than n', 
provided that the work per step remains proportional to 
n. The cost per plate of the calculations will then increase 
only as log n when n is large. 

Neither the use of higher-order processes nor the averag- 
ing of results allows an indefinite increase in 6. To achieve 
this, it is necessary to reject forward integration and to use 
a less direct method. 

For these reasons it was decided to abandon the first 
programme, and to write a new one using a different pro- 
cess of integration. Since the new process involved the 
solution of a large set of simultaneous equations it would 
demand a machine with a large magnetic-drum store. The 
machine used for the first programme did not have such 
a store and, therefore, could not be used for the new 
programme. 


5. Second Computer Programme 


The difficulty mentioned in the last section arises also in 
the solution of parabolic partial differential equations” 
and a method for avoiding it is available.” The essence 
of this method can be seen from Fig. 3, which corre- 
sponds to Fig. 2. Starting at D, we evaluate the local 
slope from Equation (17), but we do not use this to extra- 
polate. Instead we look for a new point G which makes 
the two following quantities equal: 

(i) the slope of the line DG; and 

(ii) a suitable average of the slope evaluated from 
Equation (17) at D, and that evaluated from the same 
equation at G. 

Expressing this condition mathematically, we have: 


Xr (ty) —_ xr(t;) 


Ig—h 
1—6 
—_ y { Vey Yr-1 (t,)— V, yAty)+Lr54 Xr44 (ty) 
—L,xAt)+ F,z,(t,)} 
6 
+ H, { Vr_y Yr-y (t.)— Vi yr (te) +-Lr44 Xr+1 (tg) 
—L, Xr (te) +-FrZr(tg)} 
cone 


Here 6 is a number between 0 and 1 which determines the 
weighting of the average on the right-hand side of the 
equation. If 6 = 0, we have the first-order forward integra- 
tion discussed in the last section. For 6 = 0.5 the process 
can be shown to be of the second order, and this is the 
most useful form for general use. When 6 = 1 the process 
is again of the first order, but the error committed by 
taking very long time steps is less than for 6 = 0.5. Thus 
we may put @=1 when we are interested only in the 
final equilibrium values and wish to reach them in the 
smallest possible number of steps. 

On writing fe — tf = 5t and x;(t) — x-(t) = 8x, we obtain 
from Equation (20): 


st 
&x, = A, { VryYr—-1 — Vir + LrsaXr41 — Lx, + Frzr } 


63r 
+ i. {Veg 8¥r_g — Ve8yr + Lrg y 8%r4y — Lex} .... (21) 
r 
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Here F, H, L, V and z have been assumed to remain con- 
stant during the interval 4t, and the values of x and y are 
those at time . After rearrangement, Equation (21) 
becomes 


H, 
om OLrs1 BXr41 - (0 te) 8x, + 6V,3y, = OV,_y Syr_y 


—_ Veg Vera — Ve Ye thr X41 L, Xr+-Fy Zr ee 


The right-hand side of Equation (22) can be evaluated 
from the known values of x and y at time h. 

In order to solve the set of equations obtained from 
the general Equation (22), it is necessary to have a set of 
relations between Sy and x. From Equations (11) and (12) 
we have 


yr =E, y*, + (1 — E,) Yr-1 seceQae 
= E, x) +(—E,) yr ...- (24) 
dy, = E, f(xr) 8x, + (1 — E,) bya soseQeep 


to the first order. For the case of theoretical plates, when 
every E = 1, Equation (25) can be used to eliminate dy 
from Equation (22), whence: 


Hi, , - 
= 6L,, 1 OXr wat [ ox. +t Wr oy 6 VS | 8x, 

OVS (xr_)8xr_1 
ViYr T Los iXra1> L,xr+ F,2r cee (26) 


If the plate efficiencies E, are not all equal to 1 it is more 
convenient to eliminate 6x from Equation (22), which 
becomes : 
6L,., 
Sa - | By. 
E,asS (44) 


Vira 





" OL, (1 — E,) OL,+H,/ 8t OV, 8 : 
"LEal Gad! ES &) tits 
(OL,+ H,/ 821 —E,) 
= 7 in 8 = 
[ Eft) *°" J Pout 
Vous Vena — Ve Vets Xp4— Ly Xe +; 2% ee 


It will be noticed that since Equation (25) is only of the 
first order, Equations (26) and (27) represent first-order 
processes even when @ = 0.5. 

Whether Equation (26) or (27) is used, the heart of the 
problem is to solve the set of simultaneous linear equa- 
tions for the 6x or dy. There will be n + 2 of these equa- 
tions, n of them having three successive values of 5x or 
dy on the left-hand side, and the remaining pair having 
only two successive values. The equations are of the form 


Ar 8yr_4+ Br 8y7-+-C, 8y741:=G,, r=0, ..., m+1 .... (28) 
The first of these equations (having only two terms) is used 


to eliminate 4y) from the second equation. The new second 
equation is then used to eliminate Sy, from the third, and so 


on, giving: 
C G. 
by) + ( = ) sy, = ( ? ) 
B, B, 


Gass 
B nas . (29) 


This set of equations can then be easily solved for 
bYn+t, dyn, eee, dyo. 

When Equation (27) is used, the resulting values of dy 
are substituted in Equation (25) to obtain the 6x, whence 
new values of x are obtained. Thus from Equation (26) 
or (27) we obtain the values of x at the end of the time 
interval considered. The corresponding values of y, start- 
ing with yo, can be obtained from Equation (24), and all 
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t, te . 
Fig. 2. This composition change-with-time diagram 
illustrates the source of instability in the first 


computer solution. 


necessary data are then available for the next time step. 

It is inconvenient to have to reconsider the set of inter- 
vals 4¢ which will be used for each new problem. A stan- 
dard set of intervals, increasing throughout the approach 
to equilibrium, is therefore desirable. Such a set can be 
found as follows: 

When the equilibrium curve y* = f(x) is the straight 
line y* = ax + b, it is known’ that the solution to Equa- 
tion (17) has the form 


_asé 
x, = DAne Pi . +++ (30) 


i 
The process represented by Equation (26) or (27) with 
6=0.5 should give acceptable accuracy if none of the 


exponential terms Pas ag changes by more than say 0.125 
during the time interval, that is, if 
e Be e Bu +o< } 
e~ S8t> 1 —Lebt cen 

which is satisfied if: 

Bsr < 0°134, Br > 0, 

st < 0.23, Br > 0.5, 

B8r < 0.83, Br > 1.5, 

88r unlimited, Br > 3.5 
Thus the conditions will be nearly enough met by the set 
of intervals: 


4 intervals of 0.125/8, t=0 to r=0.5/8, 


4 ,,  ,, 0.25/8, r=0.5/8 to r=1.5/8, 
4 4, 45 0.5/8, t=1.5/B to t=3.5/8 
4 fn » 1/8, etc. 


If then we can decide what is the smallest value of 4 
required, we can double this value after every four steps 
without introducing any serious error into the solution. 
It might appear that the smallest value of 6¢ required would 
be 0.125/8, where 8 is the largest of the values §;. This 
is not in fact true, since large values of 8 are usually 
associated with small values of A, and the corresponding 
exponential terms therefore need not be accurately 
followed. 

The most rapid change of x in a column normally occurs 
on the feed plate when a step change is made in the feed 
composition. The corresponding slope of the curve of 
composition against time is easily seen from Equation (17) 
to be Az F/H, where Az is the magnitude of the step- 
change in feed composition. Then since F can be as large 
as L (as in a stripping column), a suitable initial value for 
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Fig. 3. Diagram of the method used in the second 
computer solution to avoid instability of the first 
computer solution. 


dt will be H/8L or, say } of the least hold-up in seconds. 
This ensures that the greatest change of 4x in the first 
interval will not exceed Az/8, and should not lead to 
serious error. 

The time intervals actually used have always started 
with 6¢ equal to a power of 2. For example, if the least 
hold-up in a column were 30 sec. the intervals 6¢ would 
probably be taken as follows: 

8 intervals of 2 sec., ¢ from 0 to 16 


4 4 » 4 sec., t from 16 to 32 
4 - » 8 sec., t from 32 to 64 
4 - , 16 sec., t from 64 to 128, etc. 


The first value of 5t, 2 sec., is the greatest power of 2 which 
is less than 30/8. Eight intervals of 2 sec. are used so that 
the values of ¢ at the ends of successive sets of intervals 
are powers of 2; this is a minor convenience which can 
be dispensed with if the cost in time is significant. The 
calculations are usually carried on at least to a time 4n’ 
times the typical hold-up in seconds. This procedure for 
selecting 5t has been found in practice to be safe and 
convenient, though when a problem is similar to one that 
has previously been computed it is usually possible to 
reduce the number of time-steps, particularly near the 
beginning of the transient. 

With the above procedure for determining 4t, the num- 
ber of steps to reach equilibrium is roughly proportional 
to log n. The time taken to solve the n + 2 equations 
corresponding to Equation (26) or (27) is proportional to 
n, and there are certain operations which require a fixed 
time. The result is that the time taken for a solution 
increases rather less rapidly than n, at least for n < 300. 

When only the equilibrium compositions are required, 
and not the approach to equilibrium, the time-steps 4 
can be greatly increased provided that @ is put equal to 
1. It is, in fact, possible to use “infinite” time-steps by 
putting H, in Equation (26) or (27) equal to zero, but this 
can lead to oscillations or indeterminacy in the solution. 
It is preferable to use large finite values of 4t, related 
to the equilibrium time, and to increase the value of 51 
as the calculation proceeds. The conditions for rapid con- 
vergence to the equilibrium values have not yet been 
thoroughly explored, but it has seldom been found neces- 
sary to use more than 12 steps in order to get a sufficiently 
good approximation. 

In Section 12 is given a complete specification of the 
programme which was developed for Deuce.” The pro- 
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gramme contains a number of alternatives distinguished 
by the symbols AO, Al, BO, B1, etc., and the following 
notes amplify the specification. 

(i) Assumption (vii) of Section 2 is made, and the 
equilibrium relation y* = f (x) is supplied, as in the first 
programme, at up to 101 points. Intermediate values are 
obtained by linear interpolation. 

(ii) The machine evaluates f (x) at the following values 
of x: 


8, 38, 
> = 2 yers 
and interpolates linearly between these points. 

(iii) Alternative AO represents a stage in the develop- 
ment of the programme, and is slightly faster than Al. 

(iv) Alternative BO is for a condenser with hold-up, 
while B1 is for a condenser without hold-up. 

(v) Alternative CO provides for no distance-velocity lag 
between condenser and column, while Cl allows for such 
a lag. 

(vi) Alternative D1 allows the values of F, H, L, V and 
z to be changed from one set of values to one or two other 
sets at specified times during the course of the calculation. 
This provision has two objects: 

(a) To allow changes of the operating parameters to 
be made without submitting all the data afresh to the 
machine. 

(b) To allow the effect of hydrodynamic delay to be 
simulated. For example, after an increase of reflux rate 
the flow on the top plate will be increased by the pro- 
gramme immediately, that on the next plate will be 
increased after a suitable interval, and so on down the 
column. This assumes that the delay on each plate is a 
pure distance-velocity lag, whereas it is often assumed® to 
be an exponential lag. Both assumptions are over- 
simplifications, but either of them will probably give a 
sufficiently good approximation. The programme is in fact 
general enough to allow of more complicated representa- 
tions if a pure distance-velocity lag is found to be 
unsuitable. 

The use of alternative D1 instead of DO reduces the 
number of plates which can be dealt with from 420 to 
280. 

(vii) Alternatives EO and El are both examined by the 
machine, which can be made to stop, for example, when 
the number of steps is between 40 and 48 and no 4x 
exceeds 0.0001, or in any case when 48 steps have been 
calculated. Thus, after the fortieth step, further steps will 
be calculated only if they are required. 

It will be evident from a study of the specification that 
many further generalisations could be made. Probably the 
chief omission is the lack of any provision for varying the 
parameters according to the composition. Thus, for 
example, if the two components have unequal molal latent 
heats the changes of V and L consequent on changes in 
the composition throughout the column cannot be allowed 
for automatically. It is still possible, however, to stop the 
calculation after a certain number of steps, recalculate 
the V and L by hand, calculate further steps, and so on. 
By this means the effect of unequal latent heats could be 
allowed for without too much work. Moreover, if only 
the equilibrium condition is required it can be found by 
an easy process of approximation. 

In the same way the effect of a varying pressure 
throughout the column, or of a change of E with composi- 
tion, could be dealt with. In such cases, in view of the 
rarity of accurate data, it may not be worth while to 
make the calculation fully automatic. There is, of course, 
no fundamental difficulty in doing so. 


_ ee 8s 
A—F, A+B, oy b—F, b+B, ool 1 
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(To be continued) 











Fig. 1. A view of part of the 
Chemical and Petroleum Engineer- 
ing Exhibition, showing in the fore- 
ground the Davey-Paxman stand, 
and to the right the 80-ft A.P.V. 


distillation column. 


CHEMICAL 
ENGINEERING 
EXHIBITION 
REVIEW 


N the opinion of most of the visitors, the Exhibition 
| aftecarte expectations, and although there may have 
been one or two minor shortcomings—some so-called 
unit operations received little attention—it must rate as a 
most successful display of British processing plant, all the 
more praiseworthy since it was a first attempt. The colour 
and originality of the majority of the displays were en- 
hanced by a tasteful blend of horticulture. The result was 
a friendly atmosphere, and outstanding was the expert 
attention the exhibitors, without exception, were prepared 
to give to inquirers, whether the latter were experienced 
engineers or mere schoolboys. It may, in fact, be counted 
a minor achievement of the Exhibition that a high pro- 
portion of at least one group of schoolboys, through their 
impressions, decided to become chemical engineers. As to 
the exhibits themselves, it would be impossible to do 
credit to them within a few pages. Here we shall make 
mention of but a few which appealed through their 
novelty and ingenuity. 

Not every exhibitor was in a position to show his wares 
concretely, and urgent calls for delivery prevented some 
fabricators from showing excellent examples of their 
work; a great deal was conveyed by means of flow 
diagrams and models which were of a uniformly high 
standard. 

PETROCARBON DEVELOPMENTS, with a field of design 
ranging from low-temperature technology to unusual or- 
ganic chemicals, showed flow diagrams and models of a 
number of complete process plants. One of these dealt 
with the separation of a mixture of dry gaseous hydro- 
chloric acid and sulphuryl chloride. An interesting point 
about this process is the use of a diaphragm compressor 
to liquefy hydrochloric acid for use as reflux to the distil- 
lation stage which yields hydrochloric acid as overhead 
and sulphuryl chloride as the bottom product (which is 
subsequently absorbed): another process shown by flow 
diagram and model produces pyrethrum concentrate from 
weak extract. 

Model and flow diagram were effectively used by W. J. 
FRASER to illustrate the APPLEBY FRODINGHAM desulphuris- 
ing process for which the company are licensees. The 
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plant will be able to desulphurise 1,370,000 cfh of raw 
c.0.g. and produce 37 tpd of 98% H:SOQ,. The high tem- 
perature of desulphurising confers an ability denied the 
low-temperature fixed bed to handle organic sulphur. 
Economy of operation is also outstanding. Other interest- 
ing models were shown by the Power GaAs CORPORATION, 
SIMON CARVES and Moritz, as well as a number of other 
firms specialising in complete process plants. The POowER 
Gas model of a plant for CO./H:S removal from syn- 
thesis gas attracted a great deal of attention, likewise the 
SIMON CARVES sulphuric-acid plant models. Moritz 
showed a model of their contact process plant, wherein a 
turbo-type absorber replaces the tower-type absorption 
system. 

A simple process utilising the spray drier mechanism 
of atomising, in conjunction with indirect high-temperature 
heat transfer to the suspension produced, was introduced 
by Geo. Scotr. By means of this atomised suspension tech- 
nique, solutions and slurries may be economically 
evaporated, dried and chemically reacted if desired in a 
single operation. This process seems to have a bright future 
before it, and the possibility of applying it to such prob- 
lems as liquid effluent treatment, recovery of chemicals 
from Kraft liquors is being pursued. It seems feasible, 
however, to use direct contact heating by hot flue gases 
for intensive oil burners. 


Distillation Equipment 

Noteworthy examples of distillation equipment were dis- 
played by A.P.V., whose stand was dominated by an 80-ft- 
high stainless-steel column. Apart from this and the assort- 
ment of West trays, there was a modest tunnel cap column 
section of copper for use under fouling and corrosive 
conditions. In this design each tray is made accessible for 
cleaning by means of a large hand-hole and the liquid 
downcomer is very neatly accommodated in the hand-hole 
space. 

CONSTRUCTORS JOHN BROWN with their televised pers- 
pex distillation column showed in a spectacular manner 
the action of some of their gas-liquid contacting means. 
Among these was a new KITTEL design made of perforated 


British Chemical Engineering 








metal cylinders. This design—applicable where liquid /gas- 
rate ratios are high—cleverly makes use of the orientation 
of the openings in the expanded metal. The liquid is 
caused to flow down the inner surface of the expanded 
metal and the vapour, on passing through the openings 
from the other side, imparts a distinct rotation to the 
liquid on contact with it. High rates of mass transfer are 
therefore to be expected and, since no liquid seal is 
present, pressure losses must also be low. 


New Grinding Machinery 

Dissatisfaction with the performance of the ordinary 
ball mill has led to the appearance of at least two out- 
standing designs—the vibratory mill of BouLToN & 
PopMoRE and the planetary and gyratory designs of 
STEELE & COWLISHAW. The former design can grind wet or 
dry with a fraction of the power required by conventional 
mills and at a much higher rate per mill volume. For 
dry grinding, if a modicum of fluidising air is used, pre- 
liminary results indicate a performance, in terms of power 
consumption and closeness of particle range, unequalled 
by other mills. 

The STEELE & COWLISHAW designs, also capable of sub- 
micron grinding, are a radical improvement over the 
usual type of ball mill. In one design a number of pots 
containing the material to be ground and the grinding 
media rotate around a central axis and counter-wise on 
their own separate axes. As a result, the grinding forces 
are far higher than with the normal mills and with some 
materials an eighty-fold reduction in grinding time has 
been obtained. The 25-hp mill will contain about 200 Ib. 
per charge of metallic oxides. The gyratory mill is water 
cooled—an important feature when metals are to be 
ground. 


Fig. 2. Examples of the use of new and established 

metallic materials of construction. A Glitsch type 

bubble-cap tray in 66/28/6 Ni-Mo-Fe alloy and 
nickel-clad tube plate by Henry Wiggin Ltd. 
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The combined effect of shear, impact and high speed 
rebounds is the active principle of a new fine particle 
machine—dubbed the Dispersitron—shown by Geo. Scott. 
It consists of a direct-coupled high-speed impeller with a 
deeply castellated rim which rotates at high speed within 
a stator of similar form. In addition to its abilities as an 
emulsifier, this machine can reduce fine solids in suspen- 
sion to sub-micron sizes, and make extremely fine 
dispersions of gases in liquid. A caged rotor is employed 
in one of the Silverson machines for fine particle produc- 
tion, but this time the impeller, in addition to providing 
shear and impact, rotates a few stainless-steel balls around 
a hardened, steel race, so that a high-speed ball-mill effect 
is added to the others. This machine will emulsify and 
wet-mill suspensions to sub-micron sizes. 


Mixers 

As well as heavy-duty mixers, prominent among the 
BAKER PERKINS exhibits was a new continuous mixer 
which provides not only an intensive mixing and blending 
action but also cooling or heating with high rates of heat 
transfer. This mixer-cum-heat exchanger, for continuous 
mixing and blending of materials such as waxes and light 
doughs, consists of a series of fixed space heat-transfer 
plates cored to take the heating or cooling medium. 
Through these plates passes a shaft carrying a number of 
beater blades which operate in the space between the 
plates. The materials to be treated pass through orifices in 
the plates and clearances between blades and plates are 
sufficiently close as to produce thin films at the heat- 
transfer surfaces. The assembly is a flexible one, since the 
number of plates and the number of agitated compart- 
ments can be varied. Stainless steel is employed through- 
out, although all parts in contact with liquid can be made 





Fig. 3. One of the few examples of heavy-duty 

mixing machines on show. A new Baker-Perkins all- 

stainless-steel machine of 54 gallons capacity and a 
power input of 200 hp. 
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of Monel should the application require such a material. 

For clarifying liquids containing high percentages of 
solids, De Lava had on show a new centrifuge fitted with 
an automatic solids discharge device capable of being 
put into operation with the bowl at full speed. The dis- 
charge can be operated by a timer device which func- 
tions in much the same way as the hand-manipulated, 
four-position valve. The automatic timer causes the solids 
to be discharged at regular intervals and without the 
attention of an operator. 


Air-cooled Heat Exchangers 

A number of firms supply air-cooled heat exchangers; 
most of the designs at the Exhibition which had to be 
shown in model form were comparatively massive, al- 
though one manufacturer (WELLINGTON TUBE Works) 
showed small units which can replace conventional tubu- 
lar equipment, such as distillation column reflux conden- 
sers. Roto. showed a full-scale air fan used for large 
installations; and of interest on the SeRCK stand was a 
fan hydraulic drive designed to give close control of 
temperature under variable loads and ambient air tem- 
peratures. 


Centrifugal Machinery 

In the field of mechanical separations relatively few new 
designs were to be found. BROADBENTS, however, were one 
exception with their new suspended, under-driven centri- 
fuge variable-speed drive. A mechanical unloading plough 
which dicharges cake through the bottom of the basket is 
employed and this serves to reduce appreciably the over- 
all time cycle; the heavy manual labour involved in dis- 
charging conventional machines is eliminated, The plough 
is counter-balanced for easy operation and it is so 
mounted that it is not subjected to vibration when out-of- 
balance loads are set up. Ploughing is carried out at 
speeds around 30 rpm; subsequently, crystal damage which 
often occurs when solids are ploughed out at full speed is 
avoided. The drive is by hydraulic motor which provides 
three speeds for feeding, drying and discharging. The 
speeds are readily variable to suit the material being 
treated at any time. The basket is brought to rest by 
means of the same hydraulic system and the source of 
pressure is an electric motor and pump which can be 
installed at a considerable distance from the machines— 
a distinct advantage where inflammable hazards exist. 

Two other designs are worthy of mention. First the 
horizontal, cylindrical, centrifuge by SHARPLES. This model 
is a development of an existing model and differs from it 
in being longer and in affording a greater degree of clari- 
fication. For the same degree of clarification, the time is 
24 times less than with the earlier, shorter model. A 
hinged door provides ready accessibility; a new vertical 
model can be supplied with a pressurised container cap- 
able of withstanding a pressure of 150 psig. In these 
models the centrifugal force produced is 2500 x g. The 
largest model of this type is 30 in. in diameter. 


Evaporators 

Evaporators were well represented by MirRRLEES Wat- 
SON, KESTNER and others and at least one breakaway 
from the accepted practice appeared. A.P.V.’s contribution 
was an elegant design of plate evaporator constructed in 
stainless steel in which the conventional calandria is re- 
placed by an arrangement of plates resembling a plate heat 
exchanger. By virtue of its plate structure, this evaporator 
operates rising film- and falling film-wise. Steam is passed 
between the process plates in such a way as to secure 
excellent distribution. Unusual is the arrangement of the 
vapour product receiver, which is mounted horizontally. 
The unit may be operated in two effects, in which case 
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Fig. 4. Shaft seal shown by Q.V.F. on one of their 
agitated glass vessels. A P.T.F.E. bellows is employed 
and a hollow copper ring is connected to a water 
supply for cooling. The annotated diagram shows the 
bellows and cooling ring and also the glass stirrer 
shaft. 
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Fig. 5. Diagram of method of fluidising stored solids 

shown by Doulton. This technique in conjunction 

with the “air slide’ allows finely-divided solids to be 
handled like liquids. 
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Fig. 6. Makers of complete process plants were well represented. Rosedown’'s plant for fish meal manu- 
facture, shown here diagrammatically, employs a gas turbine. The entire plant is supplied in “packaged” 


form and will handle up to 2000 1b./hr of fish. 





the steam consumption is: approximately 1 lb. of steam 
per 2 lb. of vapour produced. Greater economy is obtained 
by thermocompression between the first and second 
stages. 


THE AIR SLIDE 

Among a number of uses of fluidising methods, the new 
“air slide” principle shown by AEROXx & DALTON showed a 
useful advance in the handling of solids. By means of this 
method, any finely divided solid can be caused to flow 
at very high rates along a channel with a slight slope. 
The bottom surface of the channel consists of a number 
of porous plates through which low-pressure air at 7 m. 
w.g. is passed. The solid stored in a fluid-bed hopper with 
a porous base is discharged liquid-wise through a valve 
to the channel, whose slope depends upon the powder to 
be transferred and is determined by a simple trial on a 
sample of powder. 


Metallic Materials of Construction 

What can be done with the newer materials was shown by 
HENRY WIGGIN, who displayed a section of a GLITSCH tray 
fabricated from sheet Corronel “B”, a nickel-molybdenum- 
iron alloy with a high resistance to hydrochloric, phos- 
phoric and sulphuric acids. ARGONARC welding was em- 
ployed for this construction which used 14-gauge sheet 
for the tray deck and 16 gauge sheet for the pressed 
bubble caps. Heat treatment was carried out at 1150- 
1180°C. 

A further example of the use of clad materials was 
afforded by a heat-exchanger tube plate made from a 
piece of 1 in. thick “Colclad” steel with a 20% cladding 
of low-carbon nickel. The tubes, seal welded to the tube 
plate as well as expanded, were also of 16-gauge low- 
carbon nickel. Sealing is carried out with a ring of nickel 
wire which is tack welded at a recess formed between the 
end of the tube and tube plate. The remainder of the wire 
is then fused to give a complete seal. 




















Fig. 7. A versatile scrubber shown in model form 


by Peabody and capable of performing efficiently Duplex tubing is a well-established product of British 
as an absorber of sulphur dioxide and as a reducer tubing makers. It was interesting, therefore, to see that 
of gas-borne solid effluents. welding fittings in duplex materials are now coming on 
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to the market. MUNRO MILLER were the sole exhibitors of 
these newer fittings, and on their stand carbon seal bends 
with copper interiors, and other bends with the reverse 
arrangement, were in evidence. Although not shown, 
Monel can be supplied as an alternative material for the 
copper. A well-tried procedure has been worked out for 
these duplex bends; in the case of the copper-interior 
bend, the copper layer is first sealed with a run of copper 
and then this bead is followed by one deposited from 
Monel 140 rods (Murex Ltp.). The final carbon steel 
welding is then carried out. The ARGONaRC is preferred for 
the two non-ferrous beads. 

The growing popularity of clad and duplex materials 
was evident on a number of other stands. As well as the 
large dished stainless clad plate shown by G. A. Harvey 
and the nickel-clad tube plate on the HENRY WIGGINs stand, 
there were a number of other exhibits bearing testimony 
to the usefulness of these composite materials. YORKSHIRE 
IMPERIAL METALS showed a number of bi-metal combina- 
tions such as aluminium brass-carbon steel, aluminium 
bronze-stainless steel, and so on. An unusual combination 
shown by NORTHERN ALUMINIUM was a finned heat ex- 
changer tube clad with aluminium alloy. 

Another trend in metallic materials of construction is 
the wider use of aluminium and its alloys. A number of 
firms (e.g., B.K.L., ALLoys) showed welding fittings in 
aluminium, The NoRTHERN ALUMINIUM display included 
an assortment of pipe fittings, pipe sections and valves, in 
sizes up to 10 in. diameter; the same company can now 
offer aluminium plate 30 ft x 11 ft, thereby offering 
greater scope to the plant maker. 


Fabrication 

Impressive fabrications were plentiful. G. A. HARVEyY’s 
stainless-clad dished-end and 24-ton vacuum vessel, men- 
tioned in the July issue of this journal, were much more 
convincing in reality than the description issued before 
the opening of the Exhibition. Similarly impressive was a 
synthetic resin processing vessel in stainless steel shown by 
Juisti. In this design, instead of a jacket two spiral 
channels are welded to the shell of the vessel, rather 
resembling a two-start, screw-thread. One channel is for 
steam and the other for water, and a number of important 
advantages spring from this form of construction. Since 
a jacket is not used, the wall thickness of the main vessel 
can be considerably less; in this particular instance a 50% 
saving in weight is claimed. Since the wall thickness is less 
and the flow rates in the channels are far higher, greater 
rates of heat transfer are obtained. In addition to this, 
since these channels can be compartmented, it is possible 
to limit heating and cooling in a way impossible with a 
jacket. Included with this vessel was a jacketed cooler 
riser connecting the vessel to a shell and tube-reflux 
condenser of conventional design. Similar designs but 
using channels of semi-circular cross-section were shown 
by UNiTEeD STEEL Co. and A.P.V. with their Hem system. 

Among the interesting pieces of ancillary equipment was 
a motorised attachment of a robust character, including 
a valve, if necessary, for operating valves as large as 15 in. 
(Sabi). This equipment is capable of exerting an operating 
torque of 6500 Ib./in. at the valve spindle. Should the gate 
be stuck in either the open or closed position, then a 
disengaging torque of 13,000 lb./in.—considerably more 
than a human being can conveniently apply—can be 
brought into play to produce movement at the valve. 
Power is provided by an electric motor and all the elec- 
trical elements of the system can be of the fully flame- 
proof pattern. The position of the valve gate or plug and 
its direction of movement may be determined either 
manually or automatically. Equipment of this kind lends 
itself well to electric control systems. 
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Fig. 8. Model of an ethylene plant shown by M. W. 
Kellogg made from one of their kits. Such models 
reduce the costs of erection and give better layout. 


Another drive, this time a pneumatic one shown by 
MiLLerR & Munro, makes use of a portable compressed-air 
motor to operate the valve. Valves in sizes up to 12 in. 
bore can be fitted with the attachment. With an air pres- 
sure of 100 psig, a 10-in. valve can be fully open or closed 
in 24 seconds. Again this system is a flexible one and a single 
motor can be used, if necessary, with a number of valves. 

A small self-priming GIRDLESTONE pump with deliveries 
in the range 6-25 gpm, developed especially for the 
chemical industry, is a design compact to a degree un- 
expected in such a pump. Prime is obtainable in a few 
seconds. It can be supplied in most metallic materials of 
construction and mechanical seals are used. 

A pump employing the principle of the squeeze-tube 
filled with liquid was shown by V. A. Howe, with a 
capacity range of 0.33-40 gpm with heads varying from 
10 to 40 psig. This pump can be made in a number of 
plastic and metallic corrosion-resisting materials; it is 
glandless, valveless and self-priming. 

Yet another pump to catch the eye was a small, vertical, 
centrifugal pump by RHODES, BRYDON & YouatTrT, demon- 
strating the pumping of molten metals. The particular 
model on view was designed for molten solder, but pumps 
of a similar type are available for handling molten metals 
or salts to temperatures as high as 850°C. In the demon- 
stration model, the flow of molten metal (Woods metal) 
was controlled not by throttling—a severe duty for any 
valve on high-temperature work—but by altering the 
clearance between the faces of the open impeller blades 
and the adjacent surface of the casing. 

Maintenance matters, too, came in for their fair share 
of attention. There were many examples of tube-cleaning 
equipment used for descaling tubes of heat-exchanger 
equipment and so on. Outstanding amongst the machines 
demonstrated for this purpose were a number of com- 
pressed-air motors designed by CONSOLIDATED PNEUMATIC 
Co. These motors, used for drying the cutting tool, were 
made in a number of sizes to allow them to pass through 
a tube along with the compressed-air cable. The smallest 
size appeared to be small enough to pass through a }-in. 
bore tube. A commendable feature of these little descaling 
tools is that the exhaust air from the motor carries the 
debris along the tube as descaling proceeds. 

Perhaps on a lower plane, and typical of equipment 
shown at the Exhibition, was a screwed wedge device 
(BorA ENGINEERING Co.) which makes it possible io break 
flanged joints without resort to the blacksmith’s mcihod 
of hammer and chisel. 
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AUTOMATIC PROCESS CONTROL 
— PART VI — CONTROL ACTION 


An explanation illustrated by worked examples of the action of 
controllers in counteracting involuntary disturbances in a process 


by N. J. HASSETT, B.Sc., Ph.D., M.1.Chem.E.+ 


N the preceding articles,* the nature of process stages 

and the possible disturbances entering such stages have 
been discussed with the aim of rationalising the quantita- 
tive treatment. The following points received attention in 
the previous development of the subject. 

(1) Disturbances can enter a process stage in different 
forms. Each form of disturbance can be expressed 
quantitatively either in terms of control agent or 
as a potential deviation using its disturbance corre- 
lation factor. Disturbances from different sources 
can then be summed arithmetically to give a net 
involuntary disturbance @p entering the process 
stage. 

(2) With the rationalisation to the common unit 6, 
plant constants are eliminated and a disturbance 
of 4, if maintained constant at that value, would 
result in an ultimate deviation ® of that same 
value. An instantaneous value of 4; is therefore 
also the potential deviation, 4), as defined in other 
texts. 

(3) The response of a process stage to a disturbance 
can be expressed primarily as a differential equa- 
tion, the form and constants thereof deriving from 
a stoichometrical analysis of the process stage. The 





* Previous parts were published in the May, June, August, October and 
December, 1957, issues of British Chemical Engineering. 


t Senior Lecturer, Loughborough College of Advanced Technology. 
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characteristics of any process stage can be ex- 
pressed in terms of capacitance and rate factor, 
this latter characteristic unifying the older concepts 
of resistance and flow rate. Examples have been 
given deriving the basic differential equations for 
different types of process stage. 
The order of the differential equation of a process stage 
is a function of the complexity of that stage. A typical 
equation takes the form 


d* 0, d0, , 
ma *°°sS +c.6,=c.9, 


which readily derives from equations such as (38) (Part 5, 
December, 1957). 
The general equation can be written: 
n n— n—2 
dt® dt"~} a= 
The process stage itself, whether a heat exchanger, 
furnace, water tank or reaction vessel, is now identified as 
a set of constants in a differential equation of standard 
form. The constants determine the shape of the response 
curve, giving the deviation 4 which follows a net distur- 
bance input 4; Where mathematical derivation of these 








.. (40) 


-0,....(41) 





constants is not practicable, it may be possible to record 
a response curve to a known disturbance, either on the 
plant or an analogue, and obtain these constants by com- 
parison with standard curves. 





Fig. 2 (above). Block diagram of a proportional controller. 
Note that the control valve handles the normal impact of 
the control agent plus 9%. 








Fig. 1 (left). Response of a process stage to a step dis- 
turbance shown by curve A; actual disturbances represented 
by curve B. 
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Equation (41) can be written in the operational form: 


(aD" + DD" +...4+ 2h =2zh acne 
or (1 + aD + aD* + ....anD") 62 =  .... (42a) 
6, 
whence = voor 





6, 1+a,D+a,D*+...+ a,D" 

The right-hand side of this equation is known as the 
transfer function of the process stage. Equation (41) or 
(43) determines the choice of controller and the optimum 
controller settings, as will be shown in later articles. 

The present article seeks to present, in a clear manner, 
the way in which deviation control operates in counter- 
acting any net involuntary disturbance 6) which enters a 
process stage. A process stage as normally encountered in 
chemical engineering practice is such that its response to 
a step disturbance would be of the form shown as curve 
B in Fig. 1. The step disturbance is shown as curve A. 
The object of process control is to prevent the deviation 
from following curve B and to keep it within tolerance 
limits +4, —4r:. The application of control tends to a 
cyclic form of recovery, of which curve E is typical. Devia- 
tion control action does not remove the involuntary dis- 
turbance 4» entering a process stage. It functions by 
superimposing a counterbalancing disturbance % so that 
the net input disturbance 4, = 4p — 4% keeps the deviation 
within the tolerance limits laid down for the process stage. 

A process stage with deviation control is shown in Fig. 
2. The control operates by altering the supply of control 
agent through a control valve, which for the present will 
be considered to act instantaneously, transmitting a control 
signal or correcting disturbance %, immediately to the 
input. 

All values of @ refer to a given same moment, and are 
instantaneous values. The value of 4 depends on the past 





values of #, and not the present value of 4, which has a 
delayed response due to the process lag. The deviation 
actuates the controller; it thus becomes the input signal 
to the controller system. The output signal %¢ from the 
control valve becomes part of the input signal or dis- 
turbance to the process stage. The correcting signal 4% 
is a change from the normal flow of control agent through 
the control valve. 


Proportional Control 

One of the simpler types of controller, and one which 
finds a wide application in the process industries, is the 
proportional controller. Ideally, this is a controller with 
instantaneous action, feeding back into the system a 
correcting disturbance which is proportional to the magni- 
tude of the deviation. Thus, when the instantaneous value 
of the deviation is 4, the controller superimposes a 
counterbalancing disturbance “¢ = k’ . 4. upon the involun- 
tary disturbance. The proportionality factor k’ can be 
varied within quite wide limits by an adjustment on the 
controller. 

With such a controller operating, the net input disturb- 
ance to a process stage becomes: 


6, = Op — Wc = Op — k’ . -@ 
Since there must be some deviation in order to provide a 
correction, it is evident that this type of controller cannot 
counter an involuntary disturbance entirely, but only to a 
degree governed by the sensitivity setting. If the involun- 
tary disturbance is a step disturbance of magnitude @p and 
the system steadies out to a steady equilibrium state 
6. = 6, = constant, then this value of the deviation is 
termed the offset or error, and this will be equal to the 
net input disturbance at that time. 
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The following conditions then obtain. 


Final Error = 6g = 6, = 6, (at equilibrium) .. . . (ii) 
Correction = @c¢ =k’ .2L=k’. oz . (iiiy 

Net input signal 
0, = OD —¢.= Op —k’ . 0 - Op — k’ OF .. (iv) 

re , AD 
h fi ‘ ) ce = —— : 
whence from (ii) and (iv) 0¢ atk) (44) 
, 0 
and k’ = =~ — 1 . (45) 
OE 


It would appear from Equation (44) that a high degree 
of correction can be obtained by using a high value of k’, 
but this can have an undesirable reaction as shown in the 
following example. The control action will be followed 
from primary considerations, thus giving a useful insight 
into the actual functioning of the control process. In this 
example, the units of measurement are indicated as 
degrees (°), and could be any physical quality such as 
temperature, pressure, pH, density, etc. 


EXAMPLE 1 

A process stage with an effective time constant of five 
minutes may be subject to a maximum step disturbance 
of 4 = +15°. Assuming instantaneous valve action and 
no action delays other than the process stage lag, what 
would be a suitable setting for a proportional controller 
to keep the deviation within tolerance limits of +3°? 

Using Equation (45) with 6p = 15° and 4, = 3° 


, OD _ 
‘ons ‘op tone 
Checking—using Equation (44): 
0 
Og 2 : ¥ 





atk) 144 — 

The value of k’ could be greater than 4 giving 4z as less 
than 3, but it is instructive first to follow the correction 
graphically from first principles using k’ = 4. This will be 
done in an approximate manner assuming the uncontrolled 
response to be as shown by curve B in Fig. 3. It will be 
noted that this curve reaches 62%, of its final value in five 
minutes, which by analogy with a pure exponential curve 
can be termed the effective time constant. The process stage 
will follow the uncontrolled curve until the correcting dis- 
turbance becomes significant and registers at . The 
response will be followed at minute intervals. 


Conditions 
The input signal is 4; = 6p = 15° .&=0; @c=0. 
6. (from curve) = 0.8°. W% =4xX08=3.2°. A= 
On — ce = 11.8°. The change in 4; begins to affect 
the response curve significantly, and it starts to 
draw away from the uncontrolled response curve 
B. 
6. = 2° (say) instead of 2.5°. 6; = 7°. The response 
curve now falls away more rapidly from the un- 
controlled response curve. 
6 = 3°. 6; = 3°. Note that up to now 4; has always 
been greater than 3° and because of process lag, 
the deviation will now overshoot the tolerance limit. 
6. = 3.5°, 6; = 1°. The input signal is now trying 
to reduce # from 3° and is swinging the curve 
towards the ¢ axis. 
6, = 4.3°. 6, = —2.2°. 6, 
6 = 40, 6, = —1°, ete. 


Time 


Zero 
1 min. 


now begins to diminish. 
5 min. 


Some of the significant figures are given in Table I. The 
complete range is not given but, following this procedure, 
the %¢ curve C, the 4; curve D and the 4 curve E can be 
derived in a very approximate manner. The reason for the 
cyclic form of recovery is now clear. It will be noted that 
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Fig. 4. Response diagram illustrating Example 2. 
The undesirable on-off action of the control valve is 


shown. 
Table I.—Response of Proportional Controller to a 
Disturbance 

t 62 Wc = k’b, 6; = , — We 
0 0 0 15° 

1 0.8° co 11.8° 

2 2.0 8.6 7 

2.5 3.0° 12.0 a 

3.0 32 14.0 1° 

4 4.3 17.2 —2.2° 

5 4.0 16.0 ~-1° 

6 3.2 12.8 —2.2° 

7 2.4 9.6 5.4° 

8 2.2 8.8 6.2° 

9 2.6 10.4 4.6° 
10 3.5 14.0 1.0° 


although the final deviation or offset is 3°, the transient 
deviations exceeded this value, and to keep within the 
tolerance limits a rather larger value of k’ is required. 
EXAMPLE 2 

It is instructive now to follow the response of the process 
stage with a much larger value of k’, with the object of 
keeping the deviation within +0.25°. 

Equation (45): 

1s” 

=a — 
Since the factor will have to be larger than this to keep 
the deviation swing within bounds, let k’ = 70, The 
response will now be followed in an approximate manner 
as before. The correction % is applied by opening or 
closing the control valve and for the purpose of this 
example it will be assumed that when the valve is full 
open the applied correction is +20° and when shut —50°. 
These are then the limiting values of 4. 

Following the approximate method of the previous 
example, it is found that a slight deviation in one direc- 
tion swings the net input disturbance violently in the other 
direction, so much so that the valve alternates between full 


1 = 59 
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Relation between instrument reading and 
proportional band setting, 
“Propor- 


Fig. 5. 

valve position for a 10% 

with control point at 180°C (Example 3 
tional Band Setting’). 


shut and full open. The response, as derived approximately, 
is shown in Fig. 4. In this case, the deviation is maintained 
within narrow limits, and the degree of control may be 
considered satisfactory, but from a practical viewpoint the 
control is quite unsatisfactory. Quite apart from considera- 
tions of the valve, such interrupted flow in a process line 
would be unacceptable. Furthermore, if there were an 
appreciable delay in measurement, coupled with a low 
capacitance in the process stage, the deviation would hunt 
with an increased amplitude. The mathematical treatment 
of stability will come later in a general treatment. This 
example, then, illustrates the usefulness and the limitation 
of simple proportional control. It has a wide application, 
satisfying cases with reasonable tolerance limits. 


Proportional Band Width: Controller Setting 

The sensitivity setting of a proportional controller is 
sometimes expressed in terms of proportional band. This 
is the percentage of the instrument scale covering the 
complete valve movement from shut to full open. For 
example, if the scale SS’ of a control instrument reads from 
50°F to 300°F, the scale range is 250°F. If the instrument 
is set so that the valve is full open when the indicator 
needle is at 200°F (B) or below, and shut when the needle 
is at 260°F (B’) or above, the proportional band width 
BB’ is 60°F, or 60/250 = 24% of full scale. A pointer 
movement of 1°F would change the valve opening by 
1/BB’ or 1/60 of its full traverse. 

It follows that the smaller the proportional band, the 
higher the sensitivity and the greater the correcting action. 
The proportional band can be set at over 100%. The con- 
trol point or desired value will not necessarily be at the 
mid-point of the proportional band; in fact, it will rarely 
be so. Usually, a control valve will operate normally at 
about 60 to 70%, open, and the proportional band will be 
correspondingly displaced relative to the control point. 

On a typical proportional controller there will be two 
pointers, the one adjustable and marked red, and the 
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Fig. 6. Diagram illustrating conclusion of Example 

3. The uncontrolled response, controlled response 

and recovery curves for a step disturbance of 
+300,000 Btuph are shown. 


other indicating and controlling. The adjustable pointer is 
set at the required value for the process and the control 
valve is adjusted manually until the process is running at 
the desired conditions; the indicator pointer will then be in 
line with the set pointer. When the process goes off balance 
and the indicator pointer moves, the control valve is 
actuated and the counterbalancing disturbance applied. 

If the control valve at full open supplies control agent 
at a rate equivalent to a deviation of Fy, then this is the 
deviation correlation factor of the valve. A deviation of 
1° on the scale causes a valve movement of | /BB’, where 
BB’ is the proportional bandwidth in degrees of scale, and 
this valve movement would alter the supply of control 
agent by Fy/ BB’, in deviation units. This is the sensitivity 
factor, k’. If the pointer indication is % off the set point, 
the applied correction is “¢ = k’ . 6: = #. Fy/BB’ 

We then have 
. (46) 


. (47) 


k’ = Fy/BB’ 
. 6, = Fy 


c= k / BB’ 
It is noted then that the sensitivity factor k’ is directly 
proportional to valve size for a given process stage but, as 
will be seen when valve characteristics are discussed, the 
valve design involves other factors. 
The following example illustrates simplified proportional 


controller action. 


EXAMPLE 3 

A proportional controller has a scale of 50° to 220°F 
and controls a process with a desired value of 180°F. The 
normal heat demand is 600,000 Btuph and the process stage 
has a capacitance of 1200 Btu per °F. The rate factor of 
the process is 6000 Btuph per °F (i.e., an extra 6000 Btuph 
heat input would result in a deviation of 1°F). What size 
of control valve (admitting live steam) would be required, 
and what would be the setting of the controller, if the 
expected load changes are + 300,000 Btuph, and the normal 
process tolerance of +5°F can be exceeded by a couple of 
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degrees for relatively short periods? Another query is 
would the controlled system be likely to be stable? The 
steam valve can be assumed to pass steam in direct propor- 
tion to the degree of opening, and this latter to be directly 
proportional to 4. The process stage can be regarded as a 
simple experimental stage with the capacitance and rate 
factors as given. 

Steam is the control agent and for convenience it will 
be rated in Btu. The steam valve would have to be large 
enough to pass the equivalent of 900,000 Btuph of steam 
at the lowest steam pressure likely in the supply line. If 
there are appreciable variations in this pressure, it would 
be advisable to precede the control valve by a reducing 
valve set according to the minimum steam pressure, and 
a control valve passing 1,000,000 Btuph of steam at the 
set pressure would give a small working margin. The 
valve would therefore be sized by the usual methods for 
this quantity of steam. 

At normal running, it would be passing 600,000 Btuph 
of steam and, therefore, be 60% open with the control 
pointer set at 180°F. The maximum disturbance (in terms 
of control agent) expected is +300,000 Btuph. This is 
equivalent to an input disturbance 4p in rational units of: 


Disturbance (as control agent equivalence) 








ss Rate factor 
-++ 300,000 Btuph ‘ 
‘ . a” a F 
6000 Btuph/°F +30 
Equation (45) (Oe 5°F) 
, Op 50 
j= = —-—1=9 
k a, l 5 I 
Take k’ as 10, 
VALVE ACTION 
; 1,000, ; 
100° valve movement = 1,000,000 Btuph = ao -167°F 
i.e., valve correlation factor Fy = 167°F. 


(In other words, the hypothetical value of 4% if 
1,000,000 Btuph were put in as a step disturbance.) 


PROPORTIONAL BAND SETTING 
From Equation (46): 
BB’ = Fy/k’ = 167° F/10 = 16.7°F, 
and the proportional band in terms of full scale is given 
as: 
= BB’ - 
SS’ 


(16.7) 


——ccmeniinenes SESE 10% 
(220 — 50) 


proportional band 


With the control pointer set at the desired value of 
180°, the valve would be adjusted to be 60% open when 
the indicator pointer is also at 180°. The proportional 
band setting would be at 10%. 


, 


a 
If the 180° point is designated by P, then a 0.60, 


since at P the valve is 0.6 open and at B’ it is shut (see 
Fig. 5). 
This gives B’P = 0.6 X 16.7 = 10°F. 
B’ is located then at 180° + 10° = 190° on the scale. 
B is located at 190° — 16.7° = 173.3° ,, ,, os 


RESPONSE CURVE AND STABILITY 
The uncontrolled response curve to a step disturbance 
of +300,000 Btu derives as follows: 


_ Control agent equivalence 








6, = On = 
. i Rate factor 
+ 300,000 
an Se en + SR, 
6000 Btuph/°F 
The time constant of the process stage is given by: 


__ Capacitance _—-1200 Btu/°F 
~ Rate factor 6000 Btuph/°F 
The response equation with ¢ in minutes is 

6. = 6, (1 — e~*/4) = +50 (1 — e*/®) 

Selected values of ¢ have been used to calculate 4 as 
tabulated below. The positive value of @p has been taken 
for illustration. The negative value would give a mirror 
image of the results so obtained. 





= 0,2 hr. = 12 min. 


Table I1.—Derivation of Uncontrolled Response Curve 


mins * t/i2 e-t/"? (1 — e-*/"*) 62 
0.00 0 1 0 0 
0.12 0.01 0.99 0.01 0.5 
0.25 0.02 0.98 0.02 1.0 
1.2 0.10 0.95 0.09 4.5 
2.4 0.20 0.82 0.18 9.0 
6.0 0.50 0.61 0.39 19.5 

12 1.0 0.37 0.63 31.5 

24 2.0 0.146 0.854 42.7 

60 5.0 0.0068 0.993 49.7 
00 we) 0 1 50 


The values of % have been plotted as curve B in Fig. 6. 
The controlled response curve has been plotted by the 
approximate method as in Example 2. The recovery curve 
appears to be satisfactory. The mathematical solution will 
be given in a later article. 


Argon Purification at Dounreay 


N the United Kingdom Atomic Energy Authority the 
| = and continuous purification of a chemically inert 
atmosphere is now a well-established technique. Argon 
atmospheres containing air were generally purified by 
passing them over heated calcium metal until 1953, when 
the British Oxygen Co. devised and installed at Harwell 
a low-temperature distillation plant for argon purification. 
Further similar plants were built at Aldermaston in 1956, 
and the plant now being built at Dounreay will be the 
largest of this type operated by the U.K.A.E.A. A sim- 
plified explanation of the process is given below. 

Impure argon, at sub-atmospheric pressure and con- 
taining up to 0.2% by volume of air, leaves the 
U.K.A.E.A. process and after admixture with electrolytic 
hydrogen is compressed to about 25 psig in a non- 
lubricated rotary comrressor. The argon is passed over a 
palladium catalyst where the oxygen impurity is converted 
to water. By means of a recycle circuit the hydrogen 
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injection can be controlled to the stoichiometric require- 
ments, The argon, now oxygen free, is dried by refrigera- 
tion in duplicate heat exchangers, cooled, liquefied and 
separated by distillation into pure argon and a nitrogen- 
rich fraction which is rejected. In the process excess 
hydrogen is separated and is returned to the compressor 
section. The purified argon passes back through the heat 
exchangers to the dry-seal gasholder and thence to the 
U.K.A.E.A. process. 

The distillation column and heat exchangers are con- 
tained in a compact, thermally-insulated unit. Refrigera- 
tion is provided by the evaporation of liquid oxygen, 
which is supplied from a standard B.O.C. liquid oxygen 
plant, and is self-contained and requires only electricity and 
cooling water services. The installation purifies 3300 ft®/hr 
of argon and reduces the oxygen content to less than 
10 vpm and the nitrogen to less than 40 vpm. It will operate 
for at least 1000 hours continuously. 
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AMERICAN LETTER 


Model Solutions to Plant Problems 


URING the last decade, the use of scale-plant models 

has grown rapidly in the U.S.A. and a similar popu- 
larity appears to be rising in Britain and Europe. On 
both sides of the Atlantic, however, one can still find 
sceptical engineers who scorn the use of such apparently 
expensive toys, preferring to rely on a professed infalli- 
bility to translate two dimensions mentally into three. 
Usually, the anti-model engineer is thinking in terms of 
an exquisitely made miniature of the plant, built after 
start-up, not realising the advantages to be gained from a 
step-by-step, small-scale mock-up constructed during the 
actual design stage. The concept of industrial models is, 
of course, not new. For many years production engineers 
have laid out and replanned departments and whole fac- 
tories to great advantage, with the aid of small-scale cut- 
outs and miniature replicas of equipment, thereby avoiding 
costly mistakes, and at the same time discovering better 
techniques. Even the chemist may be said to employ 
dynamic models in the form of laboratory apparatus. 


Growth of Process Models 

Why, then, are process plant models a comparatively 
recent introduction? Several reasons account for such a 
late popularity, in addition to a general reluctance on the 
part of less progressive engineers. The first drawback was 
an absence of facilities and experience for constructing 
design models, as distinct from detailed miniatures made by 
skilled copyists. The second delaying factor was a lack of 
positive information concerning the potential savings 
offered by the proper application of design models. Hence, 
much credit is due to the pioneers in this specialised field 
for developing such a valuable engineering facility. 

Only a few years ago concerns wishing to explore the 
possible advantages of using models in conjunction with 
plant design usually hired professional model makers, or 
detached draughtsmen and craftsmen with a special bent 
for this type of work. Before the model assembly could 
be commenced, small-scale replicas of individual equip- 
ment items had to be made. Frequently, piping was only 
briefly included or omitted altogether. Nevertheless, the 
advantages of even simple three-dimensional layouts soon 
became apparent and in order to save the time spent in 
making miniatures of equipment, fittings and structural 
items, one or two firms offered these parts in typical scales 
of 4 in., 4 in. and 4 in. to the foot, and made in wood, 
metal or plastic materials. Such items are now available 
in a wide range of scales from a number of firms, such as 
Engineering Model Associates, Industrial Models Inc. and, 
more recently, from the M. W. Kellogg Co. Typical prices 
range from about 10 cents for a 6-in. valve to 30 cents for 
a 10-in. X 8-in. pump and 75 cents for a 6-ft ellipitical 
vessel head, based on moulded plastic components, on a 
scale of 4 in. per foot. These prices for items showing all 
major details and permitting very rapid assembly are but 
a fraction of the cost of home-made, small-scale replicas, 
and have greatly contributed to the popularity of minia- 
ture plant layouts in the U.S.A. 

The intricate web of piping, a major feature of most 
process plants, formerly presented a special problem, since 
this could not be detailed on a model until the final 
designs for the full-sized unit had been completed, or, 
more usually, until the plant had been built. Hence, this 
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phase was often undertaken by modelling experts, who 
could give full reign to their skill, especially if the minia- 
ture was required for display purposes. Some genius recog- 
nised that between the two extremes of a simple design 
layout model and an elaborately piped and detailed minia- 
ture lay what is probably the greatest source of savings— 
economies in piping detail and design. Cautiously, at first, 
using fine-bore tubing and wire to represent major pipe- 
lines, a valuable check on design drawings became avail- 
able. As skill and confidence in this technique grew, a 
second fundamental step was taken; a piped model was 
used as a basis for design drawings. (One can imagine the 
first reaction to this horrifying suggestion!) However, the 
advantages soon became apparent to many design 
engineers; often one or two final drawings based upon a 
carefully piped model replaced many two-dimensional trial- 
and-error layout studies and reduced drafting to a 
minimum. Reductions in piping design costs ranging from 
15 to 50% have been claimed. On a multi-million dollar 
project, where piping design may be in the five- or even 
six-figure bracket, this means large economies in design 
alone. In addition, the three-dimensional presentation of 
piping in the design stages has frequently yielded large 
savings in the ultimate cost of the material used; runs may 
be shortened, fittings eliminated and better layouts 
developed in a manner analogous to the routeing improve- 
ments made by the production engineer on a miniature 
factory mock-up. Of course, the cost of a piped and 
detailed model must be taken into consideration when 
examining possible savings. For estimating purposes, such 
a model may cost between 0.2 and 0.5% of the total 
project, while a preliminary design mock-up may be less 
than half of these amounts. The apparent and hidden 
savings are usually many times these figures. 


Model Facilities and Trends 

In America, several firms have developed a type of joint 
collaboration service, whereby a skilled modeller /designer 
can be hired to work in conjunction with a client’s plant 
designers and build the model either remotely, or prefer- 
ably in the client’s drawing office. Training of the plant 
design staff in this work is also undertaken if required, 
with the result that most large design and construction 
firms now have extensive, independent modelling facilities 
and staffs, fully integrated with their design and construc- 
tion departments. A third major departure from old- 
established engineering practice is now under active trial 
and development. This is an endeavour to eliminate many 
drawings entirely, by photographing a completed model 
from special angles and producing scaled and detailed 
isometric or other views from the original photographs. 
Possibly, 3-D viewing and colour may also be utilised in 
the future to increase realism and accuracy. Other impor- 
tant advantages gained from using models have been their 
assistance in briefing erection and operating crews, study- 
ing installation and maintenance problems, and overcoming 
language barriers on international projects. Judging by the 
current number of illustrations showing company execu- 
tives beaming over miniatures of their projected or latest 
plants, models have proved their worth to top management 
as well. There seems little doubt that in the U.S.A., and 
elsewhere, models are here to stay. 
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In the manufacture of Prolite tungsten-carbide 
tools, Murex Limited use Birlec adsorption 
dryers to remove water vapour from their 
electrolytic hydrogen supply. 

The hydrogen is dried to a dew-point of minus 
70°C for use in the reduction and sintering 
furnaces and the high quality of the product 
depends on the stringent moisture control. 

Birlec moisture adsorbers are available in a range 
of standard sizes for varied industrial applications 
including the drying of compressed air and the 
dehumidification of factories and stores. 
Illustration above:— 

Birlec adsorbers for hydrogen drying. 
Illustration right:— 

Electrolytic hydrogen plant at Murex Limited. 
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HEATS OF VAPORISATION OF HYDROCARBONS 


by D. S. DAVIS 
Head, Department of Pulp and Paper Technology, University of Alabama 


For 12 hydrocarbons and employing Macarit’s relationship,* WEBER, INBopy and Hosson’ 
have shown the linearity of latent heat of vaporisation with the difference between the 
densities of the liquid and vapour when logarithmic paper is uséd. The accompanying 
nomograph, based on the same relationship, and constructed by means of well-known 
methods,’ facilities convenient and accurate interpolation. The broken index line shows 
that the latent heat of vaporisation of propene is 4500 Btu/lb. mole when the difference 
between the densities of the liquid and the vapour at the same temperature is 0.550 Ib. 
mole/cu. ft. 


REFERENCES 
' Davis, D. S. “Nomography and Empirical Equations”, New York, Reinhold Publishing 
Corp., 1955, Chapter 10. 
* Magaril, R. Z. Zhur. F. Khim., 1955, 29, 1301. 
* Weber, J. H., Inbody, G. W., and Hobson, M. Pet. Ref., 1957, 36, 3, 221. 
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View of a Methanol 

plant. The tallest column is 
an 80 ft. high stainless 

steel rectification column and 
in front of it the 60 ft. 

high crude distillation 
column. 


Methanol and Formaldehyde 
production 


— proved processes 
with improved catalysts 
Many years’ proved operation—on an industrial scale— 


are behind two new processes now available in the U.K. 
and the Commonwealth from Head Wrightson Processes. 











An unusually high purity —92 to 93 °%{—of crude Methanol 
stream, and guaranteed high Formaldehyde yields, 

are two further outstanding features of the Inventa 
processes for Methanol and Formaldehyde production. 





Head Wrightson’s wide experience in the chemical, 





petroleum and atomic energy fields ; its extensive 
manufacturing resources, together with the full co-operation 
and exchange of design and technical data from Inventa A.G. 
Switzerland, enables the company to provide 

plant of guaranteed performance with the 

full assurance of successful and economic operation. 
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Flow diagram of the 
Inventa Methanol process. 
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Neoprene Balloon 
Assists Pipework 
Alterations 


THE IDEA DESCRIBED here may 
prove useful at sites where seawater is 
used for cooling purposes. The plant 
concerned used centrifugal pumps for 
the withdrawal of seawater from in- 
take tunnels situated well above the 
suction connections of the pumps. 
This meant that an appreciable por- 
tion of the discharge piping was 
situated below low-tide level. Modifica- 
tions to the plant required alterations 
to the discharge pipework, which 
meant that each pump would have to 
be put out of action for several days. 
This would have meant locking and 
draining the intake tunnels, which, in 
turn, would have put out of commis: 
sion important parts of the plant in- 
cluding condensers. 

The problem was therefore to find 
a method of sealing off the discharge 
piping of one of the pumps. One of the 
piping changes to be made was the 
fitting of a valve immediately above 
the discharge .connection. Once in- 
stalled, this valve could be closed 
against the tide and work on the pip- 


Modifications 


WITH THE GROWTH of continuous 
heterogeneous’ reactions involving 
either solid/liquid or solid/gas, it is 
becoming evermore necessary to 
develop a constant volume feeder for 
granulated or powdered solids which 
is gas- and liquid-tight, robust and 
requires the minimum of maintenance. 
The solid feeder commonly used for 
these reactions is the standard star 
valve. This, however, suffers from 
some serious disadvantages which are 
largely associated with the difficulties 
of maintaining a gas-tight seal. The 
particular case in point concerned the 
feeding of (1) ground coke into a 
carbon disulphide retort, and (2) 
ground pyrites into a flash roaster. 

The normal star valve had been 
supplied, but it was found virtually 
impossible either to maintain an ade- 
quate seal or to lubricate the valve 
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ing above it could proceed without 
hindrance. 

The problem was solved by means 
of a rubber balloon which was to be 
inflated in the line, thereby forming a 
temporary seal while the valve was 
being fitted. An inflatable plug was 
specially made from neoprene-coated 
nylon balloon material complete with 
handling rings, nylon ropes and air 
connections. Before proceeding with 
the piping changes, the engineers tested 
the plug, the air pressure being 15 psi. 
The discharge piping was opened at 
a point well above water level and the 
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deflated balloon lowered into position. 
Weights held the limp neoprene bag 
under the surface until it was inflated 
and tightly engaged with the pipe walls. 
It was left in place through a complete 
tide change to make certain that no 
leakage took place. In practice, the seal 
proved a success, and as a result the 
valve was installed at the pump dis- 
charge without difficulty in a position 
corresponding to a few inches above 
low-tide level. At low tide the balloon 
was deflated, withdrawn through the 
valve, which was then closed, and the 
remaining modifications completed. 


to Rotary Valve for Abrasive Solids 


successfully, and the maintenance on 
the valve was practically continuous. 
In addition, it was found that small 
amounts of tramp iron found their 
way into the valve and the sparking 
from the iron surfaces led to serious 
dust explosion hazards. 

Using the old cast-iron body of the 
valve and the turned-down drum of 
the star feeder, the internals were com- 
pletely modified, as shown in the 
accompanying diagram. The vanes, 
made of 16swg F.D.P. stainless steel, 
were slotted into the drum and spring 
loaded into the barrel. Wear due to 
abrasion was thus automatically com- 
pensated for and the danger of spark- 
ing reduced by the use of stainless 
steel. These vanes were retained in the 
slots by end plates, also in stainless 
steel, and the seal between the end 
plates and the end flanges made via 


stainless-steel diaphragms which con- 
tained a carbon ring attached by pins 
pressed out of the F.D.P. This carbon 
formed a seal face and rubbing sur- 
face. The carbon ring was later re- 
placed by a contact face of brake 
lining material (Ferodo), attached by 
means of aluminium rivets, and this 
was found to be more suitable and 
less susceptible to abrasion. Lubrica- 
tion of the shaft took place in the 
usual manner via pressure lubricators, 
and from which high-pressure grease 
could be fed to the plain phosphor- 
bronze bearings. 

In service, the valve was found to 
compensate adequately for tempera- 
ture changes and no seizing was ex- 
perienced, as had frequently been the 
case with the old star valve. 


F. MOLYNEUX 
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THE LEVEL OF LIQUID in a pressure 
vessel is frequently determined by 
means of floats, but the range of such 
floats is often limited and their posi- 
tion is sometimes determined by 
means of an induction transmitter. An 
alternative method employing a mag- 
netic coupling is described below. 

A sealed hollow glass float (2) is 
free to move in a thick-walled non- 
magnetic pipe. This float contains a 
piece of thin iron sheet rolled in a 
cylindrical form (3). Outside the tube 
a small permanent horseshoe magnet 
(4) is suspended on pulleys by means 
of an endless cable and attached to 
the magnet is a level pointer (5). The 
method of operation is as follows: 
the float with its cylinder of iron foil 
floats on the surface of the liquid and 
its position in the vessel is determined 


Magnetic Contents Gauge 


by the permanent magnet. Rotation 
of the pulleys causes the magnet to 
approach the position of the float. 
Any change in level is shown by a 
jump of the permanent magnet and 
the level pointer will then mark the 
height of the surface. 

In one application the _ specific 
gravity of the liquid in a vessel was 
0.75 and the operating pressure 50 
atm. In this particular instance a 
metal float capable of withstanding a 
pressure of this magnitude could not 
be produced. Glass, however, with its 
high compressive strength, was found 
to be very suitable. The dimensions 
of the float in this instance were ap- 
proximately } in. i.d., $ in. length and 
20 in. swg thick. The thickness of 
iron shim was 6/1000 and the length 
2 in. Such a float was found to be 


Packing Ring for Sealing Distillation 
Column Plates 
































Poigecnaeal 


(a) 


THE METHOD OF SEALING described 
below was designed to replace the 
rather troublesome one shown in 
illustration (a). The packing material 
is retained between two rings made of 
copper, aluminium, mild steel, or any 
other material suitable for the appli- 
cation. The upper ring is retained by 
lugs bent back from the flange of the 
main tray. The disadvantage of this 
arrangement is that, when a plate is 
to be removed, the lugs have to be 
bent back; when the tray is replaced 
and the joint made good, the lugs 
sometimes fracture when restored to 
their initial position. A better method 
of fixing is shown in the right-hand 
diagram (b and c). Each plate of the 
column then carries a number of 
welded lugs which, in turn, carry 
locking plates which can be swung to 
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one side when the retaining rings have 
to be removed. 


Abstracted from Kuznetsov, N. 
Prom., 1957, 3, 49. 


D. Khim 


capable of withstanding a pressure of 
100 atm. for 1 hr. without failure. 
To prevent the float sticking to the 
walls, projections were fitted at both 
ends. 
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Contributions 
invited 


THE EDITOR invites readers 
to submit, for possible publica- 
tion in “Process Engineer’s Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The contributions preferably 
should be of about 250-500 
words, and be illustrated with a 
line diagram or sketch, or a 
photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 
ing to his wishes. 
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‘World of fT 


Russian Chemical Industry 

In this year’s Industrial Exhibition at 
Moscow, an entire pavilion has been 
devoted to the manufacture of plastics, 
artificial fibres, synthetic rubber and 
other such materials in response to the 
Soviet Communist Party’s recent instruc- 
tions that the chemical industry must be 
built up quickly. 

The Sterling value of Russian capital, 
about 100,000 million roubles, to be 
spent on the Russian chemical industry 
during the next seven years was stated 
wrongly in our report (BRITISH CHEMI- 
CAL ENGINEERING, 1958, 3, 7, 394). The 
correct value is about £8900 million. 


Petroleum Refining 

Esso Petroleum Co. Ltd. have decided 
to proceed with the building of a 
refinery and marine installation at its 
site near Milford Haven, and work on 
the site will start immediately. The esti- 
mated cost of construction is £18 mil- 
lion. The new refinery is planned 
initially to process. 4.5 million tons of 
crude oil a year (3,500,000 gallons a day), 
and the principal products will be 
petrols, jet fuels, diesel fuels and marine 
and industrial fuels. The new project 
will achieve a saving in dollars estimated 
to be over 40 million yearly. The com- 
pany state that the most modern pollu- 
tion control measures will be incor- 
porated in the new refinery, including 
air-cooling rather than salt-water cooling 
for all major refining units, 

Another recent petroleum develop- 
ment in Britain.is the discovery, by the 
British Petroleum Exploration Co., of 
oil near Corringham, Lincs., in sufficient 
quantity to be: “worth while exploiting”. 

In France, Omnium Francais des 
Pétroles is to erect a petroleum refinery 
in Burgundy, between Chalon-sur-Saéne 
and Saint-Jean-de-Losne, with an initial 
annual production capacity of 3.3 mil- 
lion metric tons. It will be supplied with 
crude petroleum from the Sahara by a 
pipeline coming from the Mediterranean 
coast and passing up the valley of the 
Rhone. This pipeline will later be ex- 
tended to the Strasbourg district, where 
the Shell-Berre and Caltex companies 
propose to erect a refinery. 


Synthetic Rubber Production 

The gain in synthetic rubber produc- 
tion capacity throughout the world is 
due almost entirely to the expansion of 
U.S.A. plants by their new private 
owners in 1957, according to Mr. O. V. 
Tracey, president, Enjay Co. Inc., in an 
article in the Journal of Commerce's 
special issue marking the American 
Manufacturing Chemist's Association 
86th annual meeting recently. The in- 
crease would be sustained by the new 
foreign plant expected to come on 
stream up to 1965. By then the capacity 
of the world’s synthetic plants, plus the 
products from natural sources, would 
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produce a total of 4,087,000 long tons. 
If the GR-S component of the total 
continued to be extended with oil at 
about the same rate as it was at present, 
the total supply of rubber could increase 
to 4,270,000 long tons. At that level, the 
Rubber Manufacturers Association had 
estimated, world production should 
satisfy world requirements, he said. 

Preliminary figures issued by the 
United States Tariff Commission show 
that the total domestic output of all 
types of synthetic elastomers in 1957 
amounted to 2,355 million lb., as against 
2,314 million Ib. in 1956. The production 
of cyclic elastomers, consisting chiefly 
of the polybutadiene-styrene type (S- 
type), amounted to 1,851 million Ib. 
(1,808 million Ib. in 1956), and of acyclic 
elastomers, including neoprene, butyl, 
N-type, silicone and other types, to 504 
million Ib. (506 million Ib. in 1956). 

A synthetic rubber plant at Yokkaichi, 
Japan, with an annual capacity of 45,000 
long tons, is to be built by Blaw Knox, 
U.S.A. The unit will cost about $30 
million. 


Nuclear-Industry Developments 

Under a joint programme announced 
by the U.S. Government and the Eur- 
atom Commission, six or eight boiling- 
or pressurised-water types of reactor of 
100-150 megawatts capacity will be built 
in Euratom countries by 1963, and about 
1000 megawatts of generating capacity 
installed. 

The fuel required is expected to 
amount to 30,000 kg of slightly enriched 
uranium. The United States Atomic 
Energy Commission guarantees full 
supply of this material for 20 years’ 
operation at United States domestic 
prices. It will also provide chemical pro- 
cessing and related services at published 
United States domestic charges, until 
such time as this may be possible within 
the community itself. Plutonium result- 
ing from the fuel cycle will be bought 
from Euratom by the United States. 

Aims of a 10-year joint research and 
development programme, which was also 
announced, will be to improve reactor 
performance, to lower fuel cycle costs, 
and to deal with plutonium recycling 
and other relevant problems. Euratom 
guarantees that fissile materials used in 
the framework of the joint programme 
will be put exclusively to peaceful uses 
and will not be transferred to un- 
authorised persons. There will be co- 
operation on the setting up of an 
organisation to administer the pro- 
gramme, training of personnel, and the 
development of joint industrial activities. 

In Canada, the contract for the con- 
struction of the country’s first thorium 
plant has been awarded by Rio Tinto 
Dow, an organisation controlled by Rio 
Tinto Mining of Canada and Dow 
Chemical of Canada, to Humphreys & 
Glasgow (Canada). Work will begin im- 


mediately. The project will cost about 
$1 million (£370,000) and will produce 
100 to 200 tons of thorium salts 
annually—an amount about equal to 
current world production. The site will 
be at the Algom Quirke property in 
Ontario’s Blind River uranium camp, 
and the plant is expected to be operating 
by next January. 

Indian nuclear developments under 
way, as shown in a recently published 
Government report on the activities of 
the Department of Atomic Energy, in- 
clude: (1) A small uranium plant, which 
will turn uranium concentrates into 
reactor-grade uranium metal. The plant 
should provide enough uranium metal 
for experimental purposes and for use 
in the reactors that are under construc- 
tion at present. (2) A small plant for the 
fabrication of fuel elements. (3) A large 
pilot plant for producing atomically- 
pure beryllium oxide and sintering it 
into bricks is being designed, Its capa- 
city will be about 15 tons of beryllium 
oxide a year, but it will be capable of 
expansion to several times this size. (4) 
Investigations for developing a process 
for the production of atomically-pure 
graphite from the petroleum coke and 
coal tar pitch produced in India. (5) A 
pilot plant for extracting uranium from 
copper tailings. 


West German-Russian Trade 

Quotas for chemical plant fixed by a 
trade agreement recently concluded 
between the Federal Republic of Ger- 
many and the U.S.S.R. include the fol- 
lowing, covering the years 1958-60. One 
agglomerating plant for sintering lead 
concentrates with secondary blower and 
the use of sulphur-dioxide and a hearth 
area of 75 sq. m., Lurgi type; plant for 
the manufacture of paraxylol, and 
dimethylterelphtalate, 6000 tons annual 
capacity, to the value of DM 20 million 
(£1.7 million); three installations for the 
production of detergents made from 
petroleum - processing products; and 
three complete plants for the extraction 
of whale oil. 


Associated Chemicals’ Expansion 

New plant for Chromium Chemicals 
is to be laid down by Associated Chemi- 
cal Companies Ltd. on part of their 
Glasgow works site. A new sulphuric 
acid contact process plant is to be 
erected at their Eaglescliffe, Stockton- 
on-Tees, works and the Chromium 
Chemical plants there will also be 
further modernised as part of a major 
development scheme which the organisa- 
tion is undertaking. Work has already 
commenced on the projects. The sul- 
phuric acid plant will be built by 
Power-Gas Corporation Ltd., and Asso- 
ciated Chemical’s own development 
department is operating as its own 
contractor for the work. 


Synthetic Glycerin Plant 
The first plant for the manufacture of 
synthetic glycerin in Europe (the only 
one outside the United States) has now 
come on stream at the Pernis, Rotter- 
dam, refinery of Royal Dutch/Shell. 
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compounds 


fabrics 


These compounds are being used in increasing amounts in the 


improvement of water repellent finishes for textiles and as 





aids to the solvent and heat resistance of surface coatings. 
They also find application in the control of thixotropy in 


various paint media and as pigment dispersion agents. 





























plastics 
Reprints will be available shortly of articles written by 
Dr. H. W. Chatfield, PH.D., F.R.1.C., M.1.CHEM.E., dealing 
with the use of butyl titanate in the manufacture of paints. 
~ You are invited to write to us for copies. ea 
oN PETER SPENCE & SONS LTD. WIDNES, LANCS Also at London and Bristol. 
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Book Reviews 





Elementary Thermodynamics 

by Virgil Moring Faires 

Macmillan & Co., London and New York, 1957, 
379 pp., 47s. 

Engineering Thermodynamics, Work and 
Heat Transfer 

by G. F. C. Rogers and Y. R. Mayhew 
aaa, Green & Co., London, 1957, 619 pp., 


ECENTLY there has been almost a 

spate of text-books on applied 
thermodynamics, and this calls for some 
comment, A number of them are revised 
editions of earlier works. This is the case 
with Vinci M. Faires’ “Elementary 
Thermodynamics”. Others, including 
“Engineering Thermodynamics, Work 
and Heat Transfer” by RoGers and 
MAYHEW, are entirely new books. The 
sale of technical books of this nature 
cannot be large, at least not in Britain, 
and the authors can hardly be motivated 
by hope of financial reward, which is 
likely to be meagre compared with the 
labour involved. 

Many of the older British books on 
the subject are essentially books on heat 
engines with sufficient thermodynamics 
to enable the reader to understand the 
principles involved. This probably led 
to a rather sketchy teaching and under- 
standing of the fundamentals of engin- 
eering thermodynamics. Following the 
lead of Pror. KEENAN, of America, the 
trend is to teach thermodynamics as a 
basic science and illustrate the principles 
involved with reference to ideal and 
actual processes and heat-engine cycles. 
Thus the student reading thermo- 
dynamics as a final-year subject should 
be able to apply his knowledge to new 
or existing concepts, rather than have a 
good factual knowledge of present-day 
cycles and engines which may well be 
obsolete in the near future. This new 
approach, together with the growing im- 
portance of gas-turbine cycles, heat 
exchangers, the heat pump and air con- 
ditioning, has led to the number of new 
and revised text-books. 

Both Farres and RoGers and May- 
HEW have produced very good books of 
their kind. Farres’ book is an abridged 
version of his longer work, “Thermo- 
dynamics”; the subject matter is not con- 
densed but certain topics are omitted. He 
is an old hand at writing text-books on 
this subject, his approach being essen- 
tially that of the teacher, which, of 
course, he is. The arguments and 
explanations are clear and logical with- 
out getting too involved in the more 
philosophical concepts. The book with 
its repetition of the important points, 
and its stress on what the student should 
remember, is essentially the book for the 
average student, and is suitable for 
H.N.C. and second-year degree students. 
Some topics—for example, turbine 
velocity diagrams—are not included. 
Those who wish to learn the principles 
of thermodynamics and do not wish to 
be put off by an approach which is too 
rigorously academic will find this a suit- 
able text 
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RoGers and MAYHEW have written a 
book which is rather more comprehen- 
sive than that of Pror. Faires. The 
cover note describes the book as being 
intended for engineering students up to 
honours degree standard. The approach 
is rather mathematical in parts, but it 
is suggested that certain sections be 
omitted on a first reading. The division 
into four sections is logical, but it must 
present rather a headache to writers to 
decide whether they should include a 
section on heat transfer or not. The 
analyses in this branch of the subject 
have little in common with those in the 
other branches. RoGeRs and MAYHEW 
devote some 120 pages to it, but even 
then many equations are not derived, 
sources being given in the bibliography. 
Convection phenomena would possibly 
be more suited to a book on fluid 
dynamics. 

This book is obviously the result of 
much work and no little erudition, and 
will certainly appeal to the more 
academically inclined of its readers. 

S. R. LAMOND 


A Treatise on the Internal Mechanics of 
Ball, Tube and Red Mills 
by H. E. Rose and R. M. E. Sullivan 
Constable, London, 1958, 258 pp. 25s. 
& the authors state in the preface of 
this book, their object has been to 
bring together in a systematised form 
data on the performance of ball, tube 
and rod mills against the background of 
present-day theoretical knowledge. 
Apart from a necessary introduction 
of the various types of mills, this object 
is rigorously followed throughout the 
book. Moreover, the multitude of experi- 
mental results is given in a clear and 
orderly way, so that anybody who has 
been confronted with milling problems 
at once recognises the competence of 
the authors to deal with the subject. 
Throughout the book, the experimental 
results are compared with the theory 
on internal dynamics recently published 
by Rose and summarised in chapter 5. 
Although no mention has been made of 
the work of Martz in the chapter on the 
motion of the mill charge, nor of that 
by Heywoop or Epstein and Lowry in 
the one on the comminution of solid 
bodies, the reader obtains a fairly com- 
plete picture of the possibilities of a 
theoretical treatment of the mills under 
consideration. On the other hand, the 
unity of the treatise is not disturbed by 
elaborate treatments of side-lines, which 
might make the book more difficult to 
read. By leaving out much of the tremen- 
dous amount of non-theoretical and 
semi-theoretical knowledge existing in the 
literature, the authors have—with this 
first book on the internal dynamics of 
mills with free-moving grinding media— 
given the grinding process a definite 
place among tie other unit operations. 
As the need for such work has been 
obvious for a long time—if only for the 
fact that this oldest of unit operations 


does not get the theoretical interest it 
should rightly have—we can be glad that 
Rose and SULLIVAN have filled the gap 
not with a text-book, but with a treatise 
that by its completeness clearly states the 
incompleteness of our knowledge, and, 
as such, stimulates the reader to better 
understanding of the complicated prob- 
lems in grinding. 
J. NUMAN 


Laplace Transformation Theory and 
Engineering Applications 

by W. T. Thomson 

Longmans, Green & Co. Ltd., London, 1957, 
230 pp., 32s. 6d. 

HIS is the British edition of a book 

published in the U.S.A. in 1950. The 
engineer who wishes to learn the method 
of Laplace transforms and its applica- 
tion to the solution of differential equa- 
tions which arise from physical prob- 
lems should find this a very satisfactory 
treatment, provided he is reasonably 
familiar beforehand with the algebra of 
complex numbers, their relation to 
trigonometric and hyperbolic functions, 
and the formation of ordinary differential 
equations. The first two chapters are 
concerned with the transforms of par- 
ticular functions, general properties of 
the transform, including the convolution 
integral, and the transformation of a 
linear differential equation with constant 
coefficients. In chapter 3, on dynamical 
applications, equations are set up and 
solved for automatic control mechanisms, 
shock-testing and _ electro-mechanical 
systems. Chapter 4 is on_ structural 
applications; one problem, on critical 
loading of a non-uniform column, uses 
the notation of matrices at one point. 

Before proceeding to harder problems, 
particularly the solution of various par- 
tial differential equations, the author 
includes a chapter on complex variable 
theory, since the calculus of residues is 
necessary for the evaluation of the inver- 
sion integral. This section of pure 
mathematics is probably new work to 
most engineers, but it is well written and 
certainly no harder than its applications, 
in chapter 6, to transverse and longitu- 
dinal vibrations, water hammer and heat 
conduction. Chapter 7 is on difference 
equations and jump functions, used in 
solving mechanical problems which in- 
volve a sequence of loads and in elec- 
trical networks, Then follows a chapter 
on closed-loop systems with the Nyquist 
criterion of stability, of particular interest 
to automatic control engineers. The last 
chapter, on analogies, shows with dia- 
grams several mechanical systems and 
their electrical analogies. There are two 
forms of the latter, according as th 
analogy is between force and voltage or 
between force and current. 

An appendix contains a list of trans- 
forms, either corresponding to theorems 
in terms of a general function, or of par- 
ticular functions. There are 219 problems 
for the reader, but, except where these 
take the form of proving a given result, 
answers are not given. It would surely 
have been a good idea to include in the 
first chapter some examples of simul- 
taneous differential equations. 

C. G. PARADINE 
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New PERGAMON titles 
of interest to 
CHEMICAL ENGINEERS 





CHEMICAL REACTION ENGINEERING 
Edited by Dr. K. RIETEMA, Amsterdam. 


This volume contains all the papers presented at a symposium held 
in Amsterdam under the auspices of the European Federation of 
Chemical Engineers. Each paper is preceded by an abstract in English, 
French and German 80s. net. $12.50 


LUBRICATION SCIENCE AND TECHNOLOGY 
Edited by JOHN BOYD, Westinghouse Research Laboratories,Pittsburgh,Pa. 


This new publication devoted to the rapidly growing field of 
lubrication, is published for the American Society of Lubrication 
Engineers, to complement the Society's journal Lubrication 
Engineer. Vol. I, No. 1, 105s. net. $15.00 


CHEMICAL ENGINEERING IN THE COAL INDUSTRY 


Edited by Dr. FORBES W. SHARPLEY, National Coal Board Research 
Establishment. 


This volume contains the papers presented at the symposium held 
at the National Coal Board Research Establishment. 
50s. net. $8.50 


AN INTRODUCTION TO DRYING OIL TECHNOLOGY 
By M. R. MILLS, B.Sc., F.R.I.C. 


. provides excellent material for established technical men as 
well, as for newcomers into the industry ’. 
—Journal of the Royal Institute of Chemistry 


45s. net. $6.50 
REFINING OF OILS AND FATS 
By A. J. C. ANDERSON, M.Sc., F.R.1.C., M.l.Chem.E. 


‘The book is an excellent guide to the refining of the fats for edible 
purposes and should be in the hands of all engaged in the industry.’ 
—T. P. Hilditch in Journal of the Royal Institute of Chemistry 


45s. net. $7.00 
VAPOUR LIQUID EQUILIBRIUM 


By E. HALA, J. PICK, V. FRIED and O. VILIM, Technical University, 
Prague. Translated by DR. G. STANDART. 


A book for workers in the chemical industry who deal with 
problems of distillation and rectification. It should help them in 
design, development and the rational operation of distillation 
equipment by showing how to obtain the necessary equilibrium 
data and numerical results. 90s. net. $14.00 


CHEMICAL ENGINEERING SCIENCE 


Le Journal International de Génie Chimique. 
Some of the papers to be published in the next issues: 


S. KATZ: A statistical analysis of certain mixing problems. H. A. VREEDEN- 
BERG: Heat transfer between a fluidized bed and a horizontal tube. D. A. 
van MEEL: Adiabetic convection batch drying with recirculation of air. 
P. DAKSHINAMURTY, G. JAYARAMA RAO, M. VY. R. ACHARYA and 
C. VENKATO RAO: Ternary vapour- yr equilibria system: Benzene, 
cyclohexane-methylisobutyl ketone. K. KLAMER, C. van HEERDEN and 
D. W. van KREVELEN: Studies on ion exchange—IV. Kinetic theory of 
ion-exchange. K. KLAMER, J. C. H. LINSSEN and D. W. van KREVELEN: 
Studies on ion-exchange—V. Kinetic measurements. R. A. McALLISTER, 
P. H. McGINNIS, Jr., and C. A. PLANK: Perforated-plate performance. 
M. RAJA RAO and C. VENKATA RAO: Flooding rates in packed liquid 
extraction towers. C. O. BENNETT: Diffusion in binary mixtures. K. 
KLAMER and D. W. van KREVELEN: Studies on ion-exchange—VI. Design 
and scaling up of ion-exchange columns. D. B. SPALDING: A note on mean 
residence-times in steady flows of arbitrary complexity. R. A. SEHR: The 
thermal conductivity of catalyst particles. 


Subscription per volume, including postage: (A) £6 ($17); (B) for indi- 
vidual subscribers certifying that the journal is for their private use, 
£5 5s. ($15) per annum, 
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of removing corrosive fumes from his factory 
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if so Unplasticised PV.C. 


by Ex TRUDE=xX 


is the answer 


A ducting system by EXTRUDEX is tie nearest thing 
to a perfect answer where corrosive fumes are the 
problem because it is made from unplasticised P.V.C. 
Unplasticised P.V.C. has the virtue of being unaffected 
by corrosive gases. Furthermore, it is light in weight 
and therefore easy to install. Unplasticised P.V.C. is 
naturally clean and attractive in appearance and requires 
no painting or other treatment. 

Specify EXTRUDEX— 

the perfect answer to your ventilation problems 


Ex TRVUDEX LTD 


WESTERN ROAD :: BRACKNELL :: BERKS. 
Telephone: Bracknell 1000 
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Book Reviews continued 





Organic Synthesis. Volume 1 (833 pp.): 
Open-chain Saturated Compounds. 
Volume 2 (834 pp.): Open-chain Un- 
saturated Compounds. Alicyclic Com- 
pounds. Aromatic Compounds. 

by Vartkes Migrdichian 

Reinhold Publishing Corporation, New York, 
1957, 280s. 

HIS book is claimed by the publishers 

to contain complete systematic 
coverage of standard methods and new 
developments in the organic field. In 
attempting this, the author was faced 
with a gigantic problem which, in the 
reviewer's opinion, could be only par- 
tially solved in a text of this size. 

The book stresses the synthetic aspect 
and does not deal with reaction mechan- 
isms or structural conformation, The text 
contains preparative details for a num- 
ber of compounds. Heterocyclic 
chemistry is not covered, except when 
heterocyclic compounds are used as start- 
ing materials. The book is subdivided 
into chapters on the basis of functional 
groups. One wonders whether subdivision 
into chapters dealing with reactions 
would not have made for greater 
lucidity, cohesion, and avoidance of 
repetition (the special sections on reac- 
tions—GRIGNARD, FRIEDEL-CRaAFT, the 
diene synthesis—are, on the whole, more 
readable. The greater proportion of the 
text covers aliphatic compounds. Besides 
the special sections on reactions men- 
tioned earlier, there are chapters on 
organometallic compounds and on 
organic compounds of non-metals and 
metalloids. These, one feels, are of little 
use to the specialist as they are incom- 
plete and not up-to-date. For the non- 
specialist, references to treatises on the 
subjects (e.g.,, KOSOLOPOFF’s organophos- 
phorus compounds) would have been 
helpful. 

The book suffers from lack of balance. 
Though on occasions the information 
contained is fairly recent, it is, on the 
whole, old. Thus there is no mention of 
the recent pioneering work of the late 
Pror. Braupe in the field of organo- 
lithium chemistry. Old references to the 
preparation of compounds are quoted 
instead of the newer ones: references to 
the preparation of terephthaldehyde are 
from Bull. Soc. Chim., 1867; another 
reference is dated 1876, and not from 
Organic Syntheses, 1940. The latest refer- 
ence to the preparation of perchloro- 
methyl mercaptan is from Ber., 1895, 
and not from Organic Syntheses, 1941. 
Yet some of the older classical work has 
been left out (e.g., there appears to be 
no reference to the preparation of 
urethanes from chloroformates). 

The test is not free from misprints (pp. 
92, 221, 228, 367 and 1367) and the 
REIMER TIEMANN reaction on p. 1383 
appears in an unfamiliar guise. The index 
is incomplete (e.g., sulphonyl fluorides 
described on p. 1689 are not indexed) and 
there is little cross-indexing. 

Having said all this, the reviewer feels 
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that, for laboratories with no ready 
access to BEILSTEIN, this book may be 
useful, as it could be recommended for 
a search of older and patent literature. 


Gas Chromatography 

by A. |. M. Keulemans 

Edited by C. G. Verver 

Reinhold Publishing Corporation, New York, 
Chapman & Hall, London, 1957, 235 pp., 605. 


R. KEULEMANS is a recognised 

authority on gas chromatography. His 
book—one of the few on this subject— 
gives a comprehensive description of the 
existing gas-liquid chromatographic tech- 
niques as employed by the author, with 
references to a great number of original 
publications by many well-known 
workers. 

After opening with a discussion of 
general aspects of chromatography and 
its applications, the author gives the 
definitions and nomenclature adopted by 
the 1956 London Symposium on this 
subject. Chapter 2 presents a thorough 
study of the factors important for a 
successful separation by gas-liquid 
chromatography (G.L.C.). Column dimen- 
sions, stationary liquid, solid support and 
carrier gas together with operating condi- 
tions are discussed. 

The author examines the general 
theories of chromatography proposed by 
various workers in idealised treatment 
and also the non-ideal chromatography. 
Later, these theoretical aspects find their 
application in determinations of para- 
meters important in the theory of solu- 
tions and other constants, as well as in 
cases of difficult separations. 

Gas-solid chromatography is presented 
in chapter 8, in which principles, appara- 
tus and operation of this method are 
discussed and compared with G.L.C. 
Altogether, an admirably clear account 
of the practical and theoretical aspects of 
this rapidly growing analytical method 
is contained in this book. 

S. A. WIESE 


An Introduction to Probability Theory 
and its Application 
ty Prof. W. Feller 
lot n Wiley & Sons Inc., New York; Chapman 
& Hall, London, 1957, 461 pp., 86s. 

HIS ambitious book develops prob- 

ability theory in mathematical terms 
only. It aims, however, at a diverse 
readership from the pure mathe- 
matician to the person with a limited 
mathematical background. No doubt the 
mathematics specialist will find the form 
and content of the book satisfactory. It 
moves from an appreciation of discrete 
sample spaces, combinatorial analysis 
and conditional probabilities through the 
well-known binomial, Poisson and 
normal distributions to random variables, 
large numbers, generating functions, ran- 
dom walk theory, Markov chains and 
simple stochastic processes. In addition, 
it gives independent chapters on extended 


Bernouilli; trials, compound distributions 
and finite Markov chains. Theorems and 
proofs are given throughout. Extensive 
use is made of examples of application 
chosen from many fields. These are 
given as explanatory matter in the text. 


An attempt has been made to cater 
for the non-specialist. He is guided 
deliberately through the mathematics, 
being warned off some sections until a 
later stage in his endeavours. He should 
welcome the many worked examples 
and the problems for solution as assist- 
ance in grasping the basic mathematics, 
and in appreciating the many disciplines 
of science in which probability theory is 
operative. The engineer who does not 
wish to understand probabilities solely 
in terms of playing cards will find 
references in his own field. 


The layman who approaches the book 
must, however, be prepared for diligent 
study. Pror. FELLer has not tried to 
write a popular approach to his subject. 
He treats probability theory as a “self- 
contained mathematical subject rigorously 
avoiding non-mathematical concepts”. 
His concessions to the non-mathe- 
matician are introductions to each 
chapter which are generally satisfactory. 
Apart from these and the descriptive 
treatment of the examples, he adheres to 
formal expositions. Hence the warning 
to the interested layman to be prepared 
to learn rather than to be taught. 

L. Hems 


Chemistry of Natural and Synthetic 
Rubbers 
by H. L. Fisher 


Chapman & Hall, London, 1957, 208 pp., 52s. 


PROFESSOR FISHER is director of a 
Rubber Technology Foundation at the 
University of Southern California, The 
present volume is a book of facts about 
the title subject. In addition to the more 
conventional subjects of vuicanisation, 
properties of elastomers, sources of raw 
materials and bonding problems, the 
book includes a chapter on chemical 
derivatives. These were first prepared in 
the course of fundamental studies on the 
structure of rubber or synthetic elasto- 
mers, but many of them are now finding 
commercial application. The general com- 
position of materials sold under trade 
names is also given. 


Manufacturing Processes, Fourth Edition 
by Myron L. Begeman 


John Wiley & Sons Inc., New York; Chapman & 
Hall, London, 1957, 612 pp., 64s. 


METHODS OF FABRICATION are an im- 
portant subject to chemical engineers, 
but the present book is nevertheless a 
“fringe” publication, since it includes a 
great deal of material which is of greater 
interest to the mechanical engineer. Its 
author is Professor of Mechanical 
Engineering at the University of Texas. 
Subject-matter includes presswork, metal 
cutting, milling, metal sawing and allied 
subjects, as well as casting techniques 
and welding which will be of greater 
interest to chemical engineers. 
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TRITON 


TRITON Feeders are manufactured in various 
sizes, to handle capacities from a few pounds to 
several tons per hour, of materials ranging from 
fine powder to quarry stone, etc. The electrical 
control unit supplied with these feeders enables 
perfect capacity control on the material being 
conveyed. Feeders can be supplied complete 
with storage hoppers and supporting structures, 
which can be constructed to suit clients’ own 
particular requirements. These machines are 
ideal for use in conjunction with automatic 
weighing machines, screening plants and 
laboratory work. 

WHERE a Triton feeder is to be incorporated 
with a Grinder, a specially designed Electronic 
Overload Control Unit is available at a relatively 
low additional cost. 

SPECIAL shaped Feeder Troughs, for example, 
‘V’ section, tubular or half-round, can be fitted 
to the standard feeder units, if required. 


the vibrating equipment specialists 









—up to 
20 tons 
per hour 
or more 





@ From a few ozs. per hour—-—- 


OTHER PRODUCTS 
Complete Screening Installations. 
Rotary Vibrating Motors. 
Vibrating Shutes and Hoppers. 
Compacting Tables. 
Vibrating Screens. 
Vibrating Grids. 
Magnetic separators to work in conjunction 
with the above equipment. 











THE TRITON ENGINEERING CO. (Sales) LTD; 


in association with the Triton Engineering Co. Ltd. 


216 Sydenham Road, Croydon, Surrey 
Telephone: Thornton Heath 4523 and 1598 


THE FLOW CONTROLLER WHICH IS 


SELF-AC TING 


for Fuel Efficency 











Having measuring and control elements close- 
coupled in one body, the Flostat gives speedy response 


and more accurate control. Overshoot is completely 








eliminated, e.g. on open-hearth steel furnace firing. 
Type “V” Flostats give adjustment of flow setting 


STORAGE 














over 10:1 range but are uncalibrated. Used, in 


series with flow indicators, they provide the least 











expensive and most accurate method of flow and 





ratio control of liquids, gases and steam. 





SOLE MANUFACTURERS : 


3234, WHITEHORSE ROAD, CROYDON, SURREY 


e.g. 
Oil flow to 
burners are set 
by “‘FLOSTATS”’ 
Type “‘A’”’, ad- 
justable over 2:1 
range with 
3-point scale. 


Desired flow is 
accurately main- 
tained irrespec- 
tive of total oil 
demand, and of 


ring main and 
burner back 
pressures. 


The Flostat combines in one body a 
differential pressure flowmeter and a 
double-beat control valve. It is opera- 
ted by the pressure energy of the fluid, 
and requires no outside power supply. 














G. A. PLATON LTD. Technical Service for Indu 


Telephone: THOrnton Heath 163 
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BCE 3562 for further information 
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Self-feeding Press 

An “intermittently continuous” self- 
feeding press, thought to be the first of 
its kind in the world, was demonstrated 
to the Press at the test and development 
centre of Modern Mechanisation at 
Potters Bar, Middlesex, recently. The 
full extent of the range of materials that 
the machine will handle is not yet 
known, but already it has been used 
successfully in expressing a variety of 
products, granular and fibrous, hot and 


cold, including brewers’ grains, wood 
pulp, rayon products, starch products, 
sewage sludge, fruit, and oil seeds. 





Developed from a machine which the 
company produced for the Rothamsted 
Experimental Station for the extraction 
of protein from green leaves, its patents 


are held jointly by M.M. and the 
National Research Development Cor- 
poration on behalf of the Station. The 
machine consists essentially of a 
hydraulically - operated down - stroke 
platen-type press, and, over its trough- 
shaped bed, a conveyor of filter cloth 
moves intermittently. The open ends of 
the trough may be closed by two 
hydraulically-operated gates, and, when 
they are shut, the bed of the press forms 
an open-topped box into which the 
platen fits. The conveyor belt is sup- 
ported by a wedge grid which, in turn, 
rests on a heavy cast grid designed to 
take the full load of the press. As the 
platen descends through the box, liquid 
is forced out of the material through 
the belt and wedge wire grid into a col- 
lecting tray, and then to a receptacle or 
process pipelines. The press is fed 
through a trough in which the material 
to be processed is levelled. The platen, 
24 in. square and with a stroke of 7 in., 
is covered with a rubber pad to even 
out the pressure over the whole area. 
The platen pressure is normally about 
300 psi, but it can be increased to 450 psi, 
and any pressure up to these maxima 
can be maintained automatically for 
periods of up to five minutes. The whole 
operation of the press, in fact, is con- 
trolled by electrically-operated hydraulic 
sequence valves, and the machine is also 
equipped with a device for controlling 
the platen approach speed and the 
pressure build-up rate. Output depends 
upon the pressing time and the depth of 
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the bed used, but the maximum would 
be equivalent to 480 cu. ft of raw material 
an hour. Advantages claimed for the 
machine are that thin layers of material 
are used without reducing output, and 
that there is no temperature rise in the 
pressed material or the extracted liquid. 
All metal parts that come into contact 
with the products are of stainless steel; 
the conveyor belt on the demonstration 
model is of a PVC plastic material. Trials 
conducted on this model, which is avail- 
able for customers’ development work, 
have shown that, from materials such 
as wood pulp, containing about 90% of 
water, water can be removed at the rate 
of 12-16 tons an hour, leaving a product 
containing 50-60% water. The machine is 
energised by a motor of 10 hp capacity. 
Modern Mechanisation Ltd., 52 Bounds 
Green Road, London, N.11. 

BCE 3605 for further information 


Gas Generators 

The new Holmes-Kemp continuous 
nitrogen generator can produce nitrogen 
by burning any commercial fuel-gas. 
Operation may be almost entirely auto- 
matic and the purity of the gas pro- 
duced, the makers point out, compares 
favourably with that of nitrogen made 
by any other full-scale production unit. 
Controlled combustion is achieved by 
the use of a carburettor which is adjust- 
able over a wide range and which is 
automatically responsive to demand. The 


products of combustion are cooled and 
the carbon dioxide removed by passing 
the gas through an adsorber tower con- 
taining monoethanolamine. Each genera- 
tor is complete with re-boiler, stripper 
and heat exchanger for the regeneration 
of the monoethanolamine. A_ nitrogen 
compressor is usually provided to en- 
able the gas to be stored at pressure and, 
where necessary, a drier can be included. 
The plants are available in capacities of 





up to 20,000 cfh nitrogen. W. C. Holmes 
& Co. Ltd., Turnbridge, Huddersfield. 
BCE 3606 for further information 


Philips new gas refrigeration machine 
incorporates a _ nitrogen separation 
column (see BRITISH CHEMICAL EN- 
GINEERING, 1958, 3, 288) which produces 
4 1. of nitrogen an hour. The machine 
can operate continuously for one week 
without defrosting. Research & Control 
Instruments Ltd., 207 King’s Cross 
Road, London, W.C.1. 

BCE 3607 for further information 


British Oxygen are making available 
a 500 cu. ft an hour model in their range 
of transportable oxygen plants. British 
Oxygen Ltd., Bridgewater House, Cleve- 
land Row, St James’s, London, S.W.1. 

BCE 3608 for further information 


Hose for Mineral Acids 
Dunlop are making available a new 
polyethylene-lined rubber hose, Vali- 
thene, for the conveyance of concen- 
trated mineral acids. It is flexible, and 
applications for which it is considered 
suitable include temporary pipelines, 
lead pipeline replacements and pharma- 
ceutical and food plants. Dunlop Rubber 
Co. Ltd., Fort Dunlop, Birmingham, 
BCE 3609 for further information 


Pressure Ratio Controller 

Hobsons are suggesting the use in 
chemical and petroleum plant of the 
Microjet pressure-ratio controller, an 
instrument made primarily for aircraft 
uses. Advantages claimed for the con- 
troller include the ability to sense change 
in pressure ratios independently of the 
absolute pressure, and fast time-response 
a matter of a few milliseconds. It can 
be used with gases or liquids and can 
be employed as an indicator or con- 
troller. In the standard model stainless 
steel is used for the parts in contact with 
the fluids, but the instrument can be 
made in any material of construction. 
The diaphragm is made of a _ rubber 
material normally, but for very high 
temperatures metal can be used and a 
servo mechanism incorporated to obviate 
the spring rate of the metal and ensure 
a delicate movement. The system inside 
the instrument is designed to be an 
analogue of the plant system and the 
position of the operating needle is unique 
for any pressure ratio. The range of 
ratios which the instrument will handle 
is said to vary from “a very low limit 
to almost infinite”. The company is 
willing to develop the instrument to suit 
particular processes and they think that 
it should be particularly useful in 
applications where the flows vary widely. 
The controller is being made under 
licence from the Solar Aircraft Co. of 
America. H. M. Hobson Ltd., Ford- 

houses, Wolverhampton. 
BCE 3610 for further information 
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BCE 3563 for further information 
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New Sharples 
Cuper-D-Hydrators i 


in the world’s most complete ' 
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range of centrifuges | 

YG 

j 

Even before the latest additions, Sharples was ] 

the most complete range of centrifuges in the y 

world. Now it’s better than ever, with brand ] 

new models of Super-D-Hydrator. Y 
What do the new models mean ? The unique j panninn or nad 7 
design features of the Super-D-Hydrator are of j 7 
course retained. High centrifugal force, and j j 
completely automatic and continuous operation, j j 
continue to supply a solid foundation for the new j j 
designs. To these basic characteristics are now ] 7 
added increased capacities and ready availability j y 
for inspection, together with the refinements of 7 Z 
totally enclosed operation for toxic hazardous ] j 
materials. Antibiotics can be handled most j 7 
successfully in a sterile version of the D-Hydrator, j y 
while special arrangements can be made for j 7 
operation at either very high, or very low j - “| : 7 
temperatures. Add up all these designs, and ] yt > ae Y 
there’s a properly tailored answer for every Z : — Z 
roblem of crystal dehydration. Y Hinged-door type yy 
P y sce ; Y C41 Super-D-Hydrat Z 
To Sharples world wide experience of some Y site wenel ZY 
2500 D-Hydrator installations is now added yj 7 
greater flexibility of operation through the y j 
application of careful detailed design, which is y j 
the hall-mark, “* Sharples.” 7 ] 
If your problem is the separating, washing and ] ] 
dehydration of any sort of crystal, and you J j 
desire consistency of product, combined with Z ] 
automatic and continuous operation, then you Z j 
are invited to write to the address below or j ] 
‘phone Camberley 2601 and talk it over with Z j 
Graham Jackson. j ] 
j j 
Y Y) 
SHARPLES © 
] Open type C20 ] 
SHARPLES CENTRIFUGES LTD., TOWER WORKS, DOMAN ROAD, J Super-D-Hydrator y 
CAMBERLEY, SURREY. Telephone: Camberley 2601 j Y 
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Three-product Flotation Bath 
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Birtley have installed a Tromp three- 
product shallow bath, the first of its 
kind in the world, at the coal-prepara- 
tion plant of Askern Colliery, Yorks. The 
washbox consists of a shallow bath of 
mild-steel plate incorporating in its upper 
section a float product push plate con- 
veyor and in its centre and bottom 
sections a dual-purpose push plate con- 
veyor for the removal separately of the 
middlings and sinks products. The bath 
is filled with a heavy medium consisting 
of a suspension of finely-ground mag- 
netite in water. Low-gravity medium is 
fed over the whole width and at varying 






DOL INES 


a 


depths of the top section of the bath, 
and via four distribution pipes and 
louvres. High-gravity medium is fed into 
the lower section by a single pipe. The 
media flow horizontally over the whole 
width and depth of the bath from the feed 
end to the middlings discharge, where they 
overflow. The 8in. by lin. raw coal, 
which the bath receives, is fed into the 
plant via a chute by a slow-running 
balanced feeder screen, to ensure a uni- 
form feed across the bath. Peak loads of 
220 tons an hour have been handled by 
the bath. Birtley Engineering Ltd., 32 
Davies Street, London, W.1. 

BCE 3611 for further information 


Small Comminuting Mill 

The latest addition to the range of 
Apex comminuting mills is the No. 214 
designed for 


model, laboratory, pilot 





plant and small-scale production. A 
small-scale model of the company’s No. 
114 mill, it incorporates a number of new 
features. For example, the standard 
model has its driving motor slung 
beneath the base for greater cleanliness, 
and the grinding chamber has _ been 
designed with vertical end plates which 
allow the mill to be used for granulating 
stocky materials. The bearings are 
located outboard of the chamber, 
eliminating the use of the rubber-tyre 
grease seal and permitting the rotor to be 
run at higher speeds. The mill is 
normally driven by a 3-hp motor at 
speeds of up to 700rpm. It can be 
adjusted to produce powders of particle 
size from coarse to the 1-25 micron 
region; it may also be used for the in- 
tense mixing of both wet and dry 
products. All parts which come into con- 
tact with the material being processed 
are of stainless steel. Apex Construction 
Ltd., 15 Soho Square, London, W.1. 


BCE 3612 for further information 









Ultrasonic Descaler 
An increase in the level of ultrasonic 
energy produced by Crustex boiler de- 
scaling equipment has been achieved by 
adding a laminated transducer. Moreover, 
a generator of greater power is to be 


introduced in the near future, which, 
H.N. Electrical point out, when used 
with the new transducer, will be “more 
than adequate” for scale problems due to 
extreme feedwater hardness and for use 
in the largest vessels. The equipment 
has been used successfully in the removal 
from the walls of stills and evaporators 
of wanted crystalline precipitates where 
previous removal has been costly and 
tedious. The manufacturers offer advice 
on possible applications. H.N. Electrical 
Supplies Ltd., Rochelle Works, Brixton 
Hill Place, London, S.W.2. 

BCE 3613 for further information 


Self-priming Pumps 

A range of self-priming pumps is being 
introduced to British and overseas 
markets by Hill-Barnes, made in the com- 
pany’s new works at Markfield, Leicester, 
under licence to the design of the Barnes 
Manufacturing Co., Mansfield, Ohio, 
U.S.A. The principal advantage claimed 
for the design of the centrifugal pumps 
is that they will prime down to 25-ft 
suction lift with as little as one-third of 
the normal water level in the pump body, 
and leakage of water through the dis- 
charge connection or suction clack valve 
while the pumps are standing idle will 
not affect the self-priming characteristics. 





The pumps are available in sizes from 
} in. to 6 in. diameter hose connections, 
with discharges from 1000 to 90,000 
gallons an hour. They can be employed 
with heads up to 400 ft. Each size will 
handle solids equivalent to 25% of the 
flow, with diameters up to one-quarter 
that of the suction connection. The 
pumps are directly seated on the base- 
plate. They are designed to eliminate 
re-circulation during pumping, and, as 
there is no liquid in the eye of the im- 
peller during priming, the pumps are par- 
ticularly suitable, it is pointed out, for 
handling petroleum products and hot 
liquids. Hill-Barnes (Pumps) Ltd., Field 
Head Works, Markfield, Leicester. 

BCE 3614 for further information 
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Detection 
of 
Residual 
Hardness 


The Boby ‘HARDICON’ 


Residual Hardness Detector is a proved and reliable instru- 
ment designed to detect residual hardness in softened water. 

A photocell receives light passed through a continuously 
flowing water sample. A reagent introduced periodically 
causes turbidity in the sample in direct proportion to the 
amount of hardness in the sample. Hardness as low as 
3 p.p.m. can be reliably detected. 

When turbidity occurs the photocell reacts to provide 
a visual and/or audible warning and the Boby ‘Hardicon’ can, 
if required, be used to initiate automatic regeneration. 


For further details please write to: 








BCE 3564 for further information 
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Balanced Opposed Compressors 

A new range of heavy-duty gas- 
compressors embodying balanced op- 
posed design has been introduced by 
Consolidated Pneumatic Tool. Known 
as the class FE, they can deliver up to 
5000 cfm of gas at low pressures and 
smaller volumes at up to 3000 psi. For 
normal use at 100 psi, compressors with 
outputs from 1500 to 4000 cfm can be 
supplied. Advantages claimed for the 
range are efficiency, the small floor area 
and foundations required, easy accessi- 
bility and minimal vibration achieved by 
dynamic balancing. In the new design, 
cylinders with equal reciprocating 
weights are placed on opposite sides of 
a frame with pistons driven by a double- 
throw crankshaft and cranks 180° apart. 
Cranks are arranged in pairs on the 
shaft and each pair is placed between 
two main bearings. This reduces the 
piston offset required and holds the 
magnitude of the couple to a minimum. 





Other advantages include a reduced load 
on the main bearings. Salient construc- 
tion features include a fully stress- 
relieved crankcase frame, large crankcase 
access openings with light-weight alu- 
minium covers and _ individually-cast 
Meehanite cross-head guide housings. 
Consolidated Pneumatic Tool Co. Ltd., 
232 Dawes Road, London, S.W.6. 

BCE 3615 for further information 


Opacity Recorder 

Foster Instruments are now making 
generally available their opacity recorder 
which employs photo-electric equipment 
to measure opacity. The recorder was 
originally developed in conjunction with 
Laporte Chemicals Ltd., and mention 
was made of it at the Instruments, Elec- 
tronics and Automation Exhibition, 1957 
(see BRITISH CHEMICAL ENGINEERING, 
1957, 2, 7, p. 396). Foster Instrument 
Co. Ltd., Pixmore Avenue, Letchworth, 
Herts. BCE 3616 for further information 


New Oil Expeller 

Rose, Downs & Thompson have intro- 
duced a new oil expeller, the Maxoil- 
duplex, which incorporates a number of 
patented features. Its capacity is between 
10 and 20 tons in 24 hours, and the 
residual oil content for many oil seeds, 
it is claimed, is less than 4%. A twin- 
screw feed worm arrangement expels 


initially the easily recoverable oil from 
high-oil content materials, and forces the 
material into the main cage under high 
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pressure. Rose, Downs & Thompson Ltd., 
Old Foundry, Hull. 
BCE 3617 for further information 


Preformed Pipe Insulation 


Stilclad preformed pipe insulating sec- 
tions have been produced by Stillite to 
meet the requirements laid down in 
B.S.S.s 1588 and 1334. The sections are 
manufactured, the manufacturers point 
out, from high-quality mineral wool 
which is incombustible and harmless to 
handle. The insulation is suitable for a 
temperature range from sub-zero to 
500°F. In standard finish it is covered 
with flameproof scrim cloth with no over- 
laps. The standard sizes are designed for 
standard ferrous pipes. Stillite Products 
Ltd., 15 Whitehall, London, S.W.1. 

BCE 3618 for further information 


Black’s New Products 


A new differential pressure switch and 
a solenoid-operated lever valve are 
among new products being made by 
Blacks. The differential pressure switch 
incorporates two diaphragms, giving 
great response to changes in differential 
pressure. It can withstand very high 
static pressures, the makers point out, 
and will respond repeatedly to low 
differential pressure change when the 
high static load has been relieved. By 
installing a solid piston between the dia- 
phragms, in place of the existing pressure 
plate assembly, the unit can be made to 
withstand pressures of up to 1000 psi 
static, and can operate on differential 
pressures in this range. 

The solenoid-operated lever valve is of 
the energised-to-open pattern, but it can 
be made, if required, to operate in the 
reverse way. The user can fit complete 
valve mechanism cages, having different 
sized orifices, to suit any particular 
requirement. Black Automatic Controls 
Ltd., Leafield, Corsham, Wilts. 

BCE 3619 for further information 


New Foreign Equipment 
Graphite Finned Tube 


National Carbide Co. Division of 
Union Carbide have under development 
a new impervious graphite tube with 
internal low fins that more than doubles 
the inner surface area of their Karbate 
impervious graphite shell and tube heat 
exchangers. Twenty-three fins, each 
is in. high, increase the inner surface to 
2.6 times that of a plain {-in. id. tube, 
the company says. The fins twist heli- 
cally through the length of the ‘be, 
providing turbulent flow at right angles 
to their longitudinal axis, thus accentuat- 
ing the difference between streamline 
and turbulent flow, and increasing the 
heat-transfer coefficient as fluid veloci- 
ties increase. The new tube is available 
in 6-, 9-, 12-, 14- and 16-ft lengths. 
National Carbon Co., 30 East 42nd 
Street, New York, 17, N.Y., U.S.A. 

BCE 3620 for further information 









New Publications 


“Our Story”, by Fisons, sets out to 


relate some of the company’s past 
achievements, present performance and 
plans for the future. Fertilisers are still, 
the company point out, their main busi- 
ness, although the field now covers not 
only plant health, but human _ health, 
nutrition and industrial chemicals. 
Fisons Ltd., 95 Wigmore Street, London, 
w.t. 

BCE 3621 for further information 


Terylene and its wide variety of ap- 
plications has been imaginatively pre- 
sented by LC.l. in a new multi-lingual 
publication entitled “Terylene in In- 


dustry”. The section dealing with its 
uses in the chemical industry should 
prove of interest to many chemical 


engineers. Imperial Chemical Industries 
Ltd., Fibres Division, Harrogate, 


England. 
BCE 3622 for further information 


N.LF.E.S. have recently published 
details of a new service for industrial 
users of boilers. This aims at improving 
existing efficiencies of all types of 
boilers and maintaining this efficiency 
year in, year out. Copies from N.LF.E.S., 
71 Grosvenor Street, London, W.1. 

BCE 3623 for further information 


A copy of the careers booklet received 
from the Shell Chemical Co. breaks 
away from the usual stereotyped lines of 
most books on this subject. Entitled “A 
Career in Chemicals”, the outline of 
career opportunities within the company 
is presented largely in the form of short 
biographies, mostly of younger company 
members. Copies from Personnel Dept., 
Shell Chemical Co. Ltd., 170 Piccadilly, 
London, W.1. 

BCE 3624 for further information 


Publication 8704 details the construc- 
tion, operation and applications for the 


Sturtevant mechanical air separators. 
Sturtevant Engineering Co. Ltd., 
Southern House, Cannon Street, London, 
E.C.4, 


BCE 3625 for further information 


Two leaflets from Davey Paxman draw 
attention to the effluent problem which is 
of increasing concern to those indus- 
trial plants sited near and discharging 
waste liquids, etc., into rivers. The leaf- 
lets (entitled “Effluent” and “Precoat 
Rotary Vacuum Filters”) detail the 
technical services made available by this 
company to overcome the effluent prob- 
lem, and also describe how the com- 
pany’s rotary vacuum filters assist in this 
endeavour. Davey Paxman & Co. Ltd., 
Colchester, England. 

BCE 3626 for further information 


Engelhard Industries have sent us a 
copy of a booklet they had prepared for 
the 1958 Physical Society Exhibition. This 
details the equipment exhibited by the 
company at the recent Physical Society 
Exhibition, giving full technical informa- 
tion on the exhibits. Copies from Engel- 
hard Industries Ltd., 52 High Holborn, 
London, W.C.1. 

BCE 3627 for further information 
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BCE 3565 for further information 
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A New British In dustry 

In August, 1946, the foundations of 
a complex new British industry were 
laid by the formation of Bexford Ltd., 
an associated company of Ilford Ltd. 
and B.X. Plastics, in which Distillers 
Ltd. have an interest. The new industry 
—the manufacture of film base—has 
now grown into a factory at Brantham, 
Suffolk, which, with its plant, is valued 
at some £2,500,000. The only factory 
manufacturing film base in the British 
Commonwealth, it currently not only 
supplies a very large proportion of 
Britain's film base requirements, but has 
even begun to export it—resulting in a 
$5 million a year saving to Britain. 

When the subject of film base manu- 
facture in Britain was first mooted, 
mainly at the instigation of the Govern- 


ment to save dollars, there was little 
technical know-how in the country. 
Bexfords, however, were fortunate in 


that they were able to call upon the able 
services of Mr. Gordon Cousins, O.B.E., 
who is the man largely responsible for 
the creation of the research team which 
led to the process being discovered, the 
training of the technicians and the build- 
ing of the plant and its machinery. 

The success or failure of film base 
manufacture rests entirely on the econo- 
mic recovery of the very expensive 
solvents used in the process, and at 
Brantham a 95% recovery is claimed, or 
only 5 gallons lost for every 100 used. 
The recovery and separation of the used 
solvents is, therefore, of the utmost im- 
portance, and Bexfords hope to ensure 
further economic advances by the intro- 
duction of a new solvents recovery plant. 
This plant, engineered by W. & J. Fraser 
Ltd. to the design of Bexford’s own 
research engineers, is now undergoing 
trials and should, by the time we go to 
press, be in full operation. 

One other interesting feature of the 
plant at Brantham, and one again which 
is tied-in with the economics of the 
process, is that it is worked continuously 
through 24 hours, week in and out, 
except for some 18 days when the com- 
plete plant is closed down for annual 
leave, providing works engineers with the 
opportunity for its complete overhaul. 

To have achieved so much in so short 
a time, especially in overhauling the 
long-experienced American manufac- 
turers of film base, is something of 
which not only Bexfords can be proud, 
but Britain too, for here is yet another 
example of British ingenuity and tenacity 
when faced with a problem which, in 
itself, calls for outstanding chemical, 
mechanical and electronic engineering to 
say nothing of physics and chemistry. 


British Scientists win American Awards 

Two chemists and a bio-chemist are 
among the recipients for the American 
1958 John Scott awards for useful in- 
ventions. The awards, established in 
1816 by a Mr. Scott, a Scottish chemist, 
who bequeathed funds for setting up the 
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Month’s News in Brief 


Philadelphia, go to Mr. B. 
Adams of Glamorgan and Mr. E. 
Holmes, whom for their joint inven- 
tion (the first practical synthetic ion- 
exchange resins and application) will 
each receive a medal and $500. Mr. A. 
J. P. Martin, biochemist of the National 
Institute of Medical Research, London, 
receives a medal and $1000 for inven- 
tions in chromatography, with particular 
reference to vapour-phase chromato- 
graphy. 


trusts at 


Government Research Inquiry 

A committee under the chairmanship 
of Sir Claude Gibb is to be set up to 
inquire into the techniques employed by 
Government departments and _ other 
bodies wholly financed by the Ex- 
chequer for the management and control 
of research and development carried out 
by them or on their behalf and to make 
recommendations. The committee will 
consist of: Sir Claude Gibb, chairman 
and managing director, C. A. Parsons 
(chairman); Dr. Willis Jackson, director 
of research, Metropolitan-Vickers; Dr. 
R. P. Linstead, rector of the Imperial 
College of Science and Technology: 
Mr. A. A. Part, Under-Secretary, 
Ministry of Education; Sir Solly 
Zuckerman, Professor of Anatomy, 
Birmingham University; with Mr. D. 
Neville Jones, of the Office of the Lord 
President of the Council as secretary. 


Dutch Synthetic Rubber Plant 

Matthew Hall & Co. Ltd. have been 
awarded a contract for the mechanical 
engineering design of the synthetic rub- 
ber plant to be constructed at Pernis 
refinery, Holland, for the Royal Dutch/ 
Shell Group. This will be Holland’s first 
synthetic rubber plant and will have a 
capacity of at least 50,000 tons a year. 
The decision to erect this plant has been 
based on extensive studies of the future 
world rubber requirements and supply 
position. Production is expected to com- 
mence in 1960. This is the second large 
synthetic rubber plant contract awarded 
to Matthew Hall & Co. Ltd. 


News Briefs 


Articles published in the Transactions 
of the Institution of Chemical Engineers, 
Vol. 36, No. 3, 1958, are as follows: 
“An Approach to Minimum Power Con- 
sumption in Low Temperature Gas 
Separation”, by G. G. Haselden; “Am- 
monia Synthesis Gas from Petroleum 
Refinery Vent-gas”, by M. R. Jester; 


“The Rescol Process”, by P. M. 
Schuftan and A. G. Mackie; “Recent 
Developments in Industrial Oxygen 


Production”, by M. A. Dubs; “The Low- 
temperature Separation of MHydrocar- 
bons”, by C. C. King; “Low-tempera- 
ture Recovery of Olefins”, by L. B. 
Baker; “The Purification of Hydrogen 
for Distillation”, by W. H. Denton, B. 
Shaw and D. E. Ward; “The Applica- 
tion of an Electronic Digital Computer 












A general view of Bexford's solvent recovery 
plant. The main office block can be seen in 
the background. (See this page.) 


to the Design of Low-temperature 
Plant” by R. W. H. Sargent. 


An agreement has. been signed 
between A. F. Craig & Co. Ltd., Cale- 
donia Engineering Works, Paisley, Scot- 
land, and Hudson Engineering Corpora- 
tion, Fairview Station, Houston, Texas, 
U.S.A., which establishes A. F. Craig 
as sole manufacturers under licence in 
the United Kingdom of the _inter- 
nationally-known range of Hudson air- 
cooled heat exchangers. This Hudson 
equipment is stated to have many special 
features and to be of particular interest 
to designers and builders of oil re- 
fineries, chemical plants and gas proces- 
sing plants. 


LC.I. have erected a new Technical 
Service Laboratory building at Slough to 
provide their Paints Division with facili- 
ties for the provision of a comprehensive 
technical service to its customers. 


Permutit have established a  subsi- 
diary company in Canada, operating 
under the name of Ion Exchange 
(Canada) Ltd., which will undertake the 
design of water treatment and ion-ex- 
change plant to meet Canadian require- 
ments. The company is located in 
Toronto and has already completed a 
large programme of ion-exchange plant 
work for the Canadian uranium mines. 
General manager of the new company is 
Mr. A. Himsley. 


G. & J. Weir, Ltd., of Glasgow, have 
received an order from The English 
Electric Co. Ltd. for ten Electrofeeders 
for the Hinkley Point nuclear power 
station. With this order, Weirs are now 
supplying the feed pumps for three out 
of the four new British nuclear power 
generating stations under construction. 


Simon-Carves Ltd. are to design and 
construct the electro-precipitation plant 
for the first boiler unit at the new 
Thorpe Marsh power station to be built 
near Doncaster in the Yorkshire Divi- 
sion of the Central Electricity Generat- 
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LARK ~~ 


ESTABLISHED 1833 


tube cleaning 
equipment 


“LARK” Air-operated tube cleaning equipments 
have been specially designed to suit the conditions 
usually encountered in Chemical processing. These units 
can be supplied for dealing with tubes 4” to 16” internal 
bore. Electrically driven equipments are also available. 
Illustrated is the GD 250 Model and motors for small 
bore tubes, which has proved most successful in dealing 
with heavy deposits in small bore Condenser and Heat 
Exchanger tubes. 


Catalogues, Ref. ‘BCE’, illustrating and describing the whole 


range of ‘LARK’ tube-cleaning products are available on request. 





heahetaceamn we TOOLS LTD 


turers H.WILLIAMS &SON LTD Ins 
LARK WORKS, SANDRIDGE ROAD, ST. ALBANS, HERTS. P 








Shuffling the pack 


This nine-stage hydrogenation plant is typical of the specialised equipment 
used in the refining industry for the molecular modification 
of Hydrocarbons. It is also typical of Simmons & Hawker pipework fabrication, 


which serves many industries. May our Engineers study yous problem ? 


SOUTHDOWN WORKS 
SIMMONS & HAWKER LTD POINT PLEASANT 
LONDON, S.W.18 


BCE 3567 for further information 
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ing Board. The cost of the complete 
dust-cleaning plant for this unit will be 
in the region of £500,000. 


A four-year sandwich course will be 
started at Birkenhead Technical College 
on October 1, 1958. For further details, 
apply directly to the Head of the 
Chemical Engineering Department, 
Birkenhead Technical College. 


James Hodgkinson (Salford) Ltd. have 
purchased the ordinary share capital of 
J. & J. Neil (Temple) Ltd., combustion 
engineers, Temple Park Iron Works, 
Glasgow, W.3. The board of this com- 
pany has been reconstituted and now 
comprises Mr. J. Douglas Cooper (a 
former director), chairman, Mr. N. C. 
Crighton, Mr. E. L. Hollinshead and 
Mr. W. Murray, the latter having been 
appointed managing director. 


Chemical Construction (Great Britain) 
Ltd. moved to new modern premises 
this month at Henrietta House, Henrietta 
Place, London, W.1. Tel.: LANgham 
6571. 


The London office of Steele & Cow- 
lishaw Ltd. has moved from High 
Holborn to Westwood House, Swallow 
Street, Piccadilly, London, W.1. Tel.: 
REGent 8301. 


High Duty Alloys Ltd. have announced 
that the address of their Scotland and 
Northern Ireland area sales office is now 
as follows: Atholl Avenue, Hillington, 
Glasgow, S.W.2. Tel.: Halfway 5274. 


The British Industrial Measuring & 
Control Apparatus Manufacturers’ Asso- 
ciation (B.I.M.C.A.M.) has moved to 9 
Argyll Street, London, W.1. Tel.: REGent 
0568. 


People in the News 


Vice-Admiral Sir Frank Mason has 
been appointed to succeed Sir Andrew 
McCance as chairman of the mechanical 
Engineering Research Board. Admiral 
Mason, who is a director of Metal In- 
dustries Ltd. and H. W. Kearns & Co. 
Ltd. and consultant to the management 
of Metropolitan-Vickers Electrical Co. 
Ltd., was, before his retirement from the 
Royal Navy in 1957, Engineer-in-Chief 
of the Fleet. 

George Ellison Ltd. announce the ap- 
pointment of Mr. B. L. Scott as manager 
of their Newcastle upon Tyne branch 
office, in succession to Mr. J. Gibbins, 
who has retired after 46 years’ service 
with the company. 

Mr. P. H. Dunn, who for the past 
four years has been the representative of 
Babcock & Wilcox Ltd. in New York, 
has returned to the company’s head 
office in London to take up the appoint- 
ment of assistant sales manager. Mr. T. 
S. Blackadder has been appointed 
representative of the company in New 
York. 


As chief executive, Chemicals Divi- 


sion, British Oxygen, Dr. R. F. Gold- 
stein, 
director 


in addition to being managing 
of British Oxygen Chemicals 
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Ltd., is now also managing director of 
Carbide Industries Ltd. and a director 
of Odda Smelteverk. 

Mr. S. A. Gregory has been ap- 
pointed technical manager, Dryer Divi- 
sion, Birlec Ltd. A graduate of London 
University, Mr. Gregory has specialised 
in a number of aspects of chemical en- 
gineering, including process and plant 
design. In 1940 he was awarded the 
Junior Moulton Medal of the Institu- 
tion of Chemical Engineers for a paper, 
“Plant Design in Microbiological Pro- 
cesses”. 

The United Steel Companies Ltd., an- 
nounce that Lt.-Comdr. G. W. Wells, 
at present managing director (engineer- 
ing works), has been appointed manag- 
ing director (production) responsible to 
the general managing director, Mr. A. J. 
Peech. Lt.-Comdr. Wells will continue 
to hold the position of general manager 
of Appleby-Frodingham Steel Co., 
Scunthorpe, a branch of United Steel. 

The English Electric Co. Ltd. have 
announced that Sir Archibald Finlayson 
Forbes has been elected a member of 
the board of directors. Sir Archibald 


is chairman of the Iron and Steel Board 
and is also a director of Spillers Ltd., 
and chairman 
roration. 


of the Debenture Cor- 





Sir A. F. Forbes G. W. Wells. 





E. F E. Spearing. 


Liebrecht Cc. 


Mr. E. F. Liebrecht has been elected 
president of Kellogg International Corp., 
a subsidiary of The M. W. Kellogg Co. 
of New York. Mr. Liebrecht, who will 
continue as a vice-president of The 
M. W. Kellogg Co. and will establish 
his office at Kellogg House, London, was 
also elected president of Societe Kellogg 
and will be responsible for the direction 
of this Kellogg subsidiary’s activities in 
France. Mr. Liebrecht has been a vice- 
president and director of Kellogg Inter- 
national Corp. and a vice-president of 
The M. W. Kellogg Co. since 1946. 

The election of Mr. Colin E. Spearing 
to the board of directors of the Kellogg 
International Corporation has also been 
announced and Mr. Spearing will also 
establish a permanent office at Keliogg 
House, London. 









W. Jackson. 





E. H. Nurse. 


F. C. How. 


Recipients of Honours published in 
the Queen’s Birthday list include: 

Knights: W. R. Black, chairman, 
National Research and Development 
Corporation; F. C. How, C.B., secretary, 
Atomic Energy Office; W. Jackson, 
director of research and _ education, 
Metropolitan Vickers Electrical Co. Ltd. 

Order of the Bath, C.B.: J. L. Girling, 
lately comptroller-general, Patent Office 
and Industrial Property Department, 
Board of Trade. 

Order of St. Michael and St. George, 
C.M.G.: P. F. D. Tennant, O.B.E., over- 
seas director, Federation of British 
Industries. 

Order of the British Empire, G.B.E.: 
Baron Citrine, K.B.E., part-time mem- 
ber of the U.K. Atomic Energy 
Authority. For public services. C.B.E.: 
E. K. Cole, chairman and managing 
director, E. K. Cole Ltd., Southend-on- 
Sea; J. F. Hall, chairman of Governors, 
Robert Gordon’s Colleges, Aberdeen; 
R. Lessing, president, National Society 
for Clean Air; W. A. Macfarlane, chief 
executive, National Industrial Fuel Effi- 
ciency Service; E. H. Nurse, deputy 
government chemist. O.B.E.: T. C. Craw- 
hall, assistant director, Mechanical En- 
gineering Research Laboratory, D.S.LR.; 
R. W. Reynolds-Davies, secretary, Insti- 


tute of Fuel; F. J. Dent, director of 
research, Gas Council Midlands 
Research Station, Solihull. M.B.E.: 


W. Green, chief chemist, Manvers Recti- 
fication Plant, N.E. Division, National 
Coal Board; W. H. Hodgetts, production 
manager, copper products group, I.C.I.; 
R. C. McCarthy, chief designer, Thames 
Refinery, Tate & Lyle. B.E.M.: C. I. 
Murray, apprentice instructor, IC.I. 
(Redcar). 
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